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SPS CONCEPT DEFINITION STUDY SCHEDULE 


During the first 3 months of the study, concept definition effort was 
coventrated on the HSFC/EoctoaU baseline concept Recently, 1,11a TefZli 
a copianar sateiiite conceptual approach which has been the focus during 

to '-atelier? peri ° d - T ^ ls effort Eluded several trade studies related 
°a ellit„ design and also construction approaches for this satellite A 
transportation system, consistent with this concept, also was sSS A- 
eluding an electric orbit transfer vehicle (EOTV^ anH a nar-nii it, *, 
lift launch vehicle (HLLV) . These studSs 

well 36 a P 5 e ^ erred satellite and transportation system approach as 
well as an approach for satellite construction. PP as 

aite^S r 3 S ° lid "' state ^crowave concept also continued and several 
alternative approaches were evaluated. Computer determination of an 
optimized transistor and circuit design continued, 

sn1 fl ^ EXPerimen y Verif:LCat:i011 P lannin g results in the development of a total 
solar array and microwave technology development plan as well as definition 
of near-term research to evaluate key technology issues 
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SPS CONCEPT DEFINITION STUDY SCHEDULE 


MONTHS AFTER CONTRACT GO-AHEAD 


SPS BASELINE CONCEPT 
"(NAS8-32<75) 


• ORIENTATION 
MEETINGS 


/\MSFC TO 

| fN ASA/DOE 

mt U 

REFERENCE CONCEPT & 
EXPMT RESEARCH FLAN 


v MSEC TO 
NASA /DOE 


12 

MAR 

\ MSFC TO 
, NASA/DOE 


UPDATE REFERENCE CONCEPT 
& EXPMT RESEARCH PLAN 


. DATA BASl 
TO SO 


PROGRAM PLAN RECOMMENDATIONS 

• REFERENCE CONCEPT OEFIN. 

• VERIFICATION PLAN 


STUDY PLAN 
' UPDATE 


OVERALL PROGRAM PLAN 
& COSTING 


_ MSFC APPROVAL 
OF STUDY PLAN 


MSFC APPROVAL 
“OF FINAL REPORT 


----+ 

, V 


w/m 

'■''PSff^Xv'lMNAr.FMENT -] 

A AAA/ 

\ A 

L A A 7K 7a a 75* 7\ 7n 7i / 


MONTHLY 
.PROGRESS- 
REPORTS 
(II TOTAL) 


■FINAL REPORT 
OUTLINE 


CONCEPT DE FIN^ VERIFICATION] 
PLAN, & OVERALL PROGRAM 
PLAN /COSTS 


FINAL REPORT - 
FINAL REVIEW- 


ED© 


•fs3 ©, 

Q.% 


RENT INVESTIGATIONS 




PREL. SOLID-STATE DESIGN 
'CHARACTERISTICS 


POWER TRANSISTOR & 

' RELATED CIRCUIT DESIGN 
CRITERIA 


.VOL. VI FINAL REPORT 
' DRAFT 


TRANSPOR- 
TATION 
SYSTEMS H 
CONCEPTS, 


-SRT (SE2«tt) REPORT 


NASA/MSFC 
RECTENNA 
"SITE LOCATION / 
DATA ' 

7 / 


DOE /NASA 

envip.onTL 

CRITERIA V 


SjCffJAL EMPHASIS STUDIES 


MANUFACTURING 
ANALY5IS ~ 
SATELLITE 

CONSTRUCTABILITY' 


SATELLITE CONTROL- 


, SUPPORT SYS A 

ONSTRUCTIlIUTYj 


• SATE LUTE CONSTRUCTII1UTY 
(REFERENCE CONCEPT) 


VOL. V FINAL REPORT 
* DRAFT 


ENVIRONMENTAL DATA 
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SPS CONCEPT DEFINITION STUDY SCHEDULE (CONT.) 



OUTPUT 


OUTPUT 


input} 


PpSL.NASTRAN ANALYSIS 
SOl-ID-S'ATE ANTENNA DESIGN 

rectenna conceit— — ^ 

TECHNOLOGY 
PROGRAM , 

IDENTIFICATION 


OUTPUT 




WELIM. LISTING OF TECH - I 
NOLOOY CONTROL MILESTONES 

♦ - 


PROGRAMMATIC*: 

___ 


.Hast ran anal (t inau 

reference satellite 

SYSTEM CONCEPT 
—NASA /DOE REFERENCE 

Fconcept 


vol: ii final report 

' DRAFT 

Lvoi; VII FINAL REPORT 
DRAFT 


.SCHEDULE UPDATE TECHNOLOGY 
ON SPS BASELINE VERIFICATION" 
- -COST ANALYSIS NETWORKS/ 

' UPDATED SCHEDULES 

ECONOMICS UPDATE 
" ON SPS BASELINE 
CONCEPT 


S' 


SPS/ COST . 

assessment! 


SPS PROGRAM 
PLANS / SCHEDULE 
DEFINITION 




,VOL. II FINAL REPORT 
DRAFT 
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MAJOR AREAS OF PROGRESS 


SYSTEM ENGINEERING 

• ALTERNATIVES TO REFERENCE SATELLITE CONCEPT EVALUATED 

• ALTERNATIVE SOLID STATE CONCEPTS EVALUATED 

• NASTRANS STRUCTURAL ANALYSIS CONDUCTED 

SPECIAL EMPHASIS STUDIES 

• ALTERNATIVE CONSTRUCTION APPROACHES EVALUATED FOR 
REFERENCE SATELLITE AND ITS VARIATIONS 

TRANSPORTATION STUDIES 

• PARAMETRIC TWO-STAGE, PARALLEL -BURN VTO HLLV STUDY 
COMPLETED 

• SILICON AND GaAs SOLAR ARRAY EOTV CONCEPTS DEVELOPED 

PROGRAM PLANNING Ill, 

• EVOLUTIONARY PROGRAM AP PROACH DEVELOPED 

• IN-DEPTH SOLAR ARRAY AND MICROWAVE TECHNOLOGY DEVELOPMENT 
PROGRAMS IDENTIFIED 
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REFERENCE SATELLITE CONCEPT 


This chart shows the reference satellite concept which was 
developed nsing the design characteristics shown on the next chart 
The concept illustrated utilizes GaAlAs cells in a concentration 
ratio of 2 configuration. All four troughs are coplanar. The 
microwave antenna is located at the end of the configuration. 

This concept provides 5 GW of power at the utility interface on 
the ground. 





REFERENCE SATELLITE CONCEPT 


Go As SOLAR CELLS 
CR =2 



Sa.el.Ue Systems Division Jlfc 89PD131794 

Space Systems Group 



REFERENCE SATELLITE DESIGN CHARACTERISTICS 


I OVERALL DESCRIPTION! 


• 5-GW POWER TO UTILITY INTERFACE 

• GEOSYNCHRONOUS CONSTRUCTION LOCATION 

• SINGLE MICROWAVE ANTENNA 

• GEOSYNCHRONOUS EQUATORIAL OPERATIONAL ORBIT 


SUBSYSTEMS 


POWER CONVERSION 
• GaAlAs SOLAR CELLS 


• ATTITUDE CONTROL/STATIONKEEPING 
• Y-POP 


• POWER DISTRIBUTION 
• 45„5 KV DC 


MICROWAVE ANTENNA 

• GAUSSIAN BEAM 

• 2.45-GHz FREQUENCY 

• ELECTRIC PHASE CONTROL 


• CONCENTRATION RATIO = 2 

• ARGON ION THRUSTERS 

• STR.UCTURE/WIRING NOT INTEGRATED 

• RCR WAVEGUIDE PANELS 


• STRUCTURE 

• COMPOSITES 

• BEAM MACHINE CONSTRUCTION 


• INFORMATION MANAGEMENT 
• DISTRIBUTED 
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REFERENCE CONCEPT SYSTEM EFFICIENCY CHAIN 
This chart is self-explanatory. 
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2EFERESCZ SATELLITE XA- SS STAIEMEST 


TbU chart prase*. the h, 

satellite shown on tne previous _ ass ^ the collector 

Uicl-^cea a. 23Z grtvtr. ^ aCt °5; * tii 1 -*«*<* only 10Z of the total 

— ! the 2j' radiators - *. 

klystrons. 




SUBSYSTEM 


COLLECTOR ARRAY 


WEIGHT (MILLION KG) 


STRUCTURE & MECHANISMS 
POWER SOURCE 

POWER DISTRIBUTION & CONTROL 
ATTITUDE CONTROL 

INFORMATION MANAGEMENT & CONTROL 


TOTAL ARRAY (DRY) 


ANTENNA SECTION 


STRUCTURE & MECHANISMS 
THERMAL' CONTROL 
MICROWAVE POWER 
POWER DISTRIBUTION & CONTROL 
INFORMATION MANAGEMENT & CONTROL 


TOTAL ANTENNA SECTION (DRY) 


TOTAL SPS DRY WEIGHT 
GROWTH (25%) 


TOTAL SPS DRY WEIGHT WITH GROWTH 
PROPELLANT PFR YEAR 
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2. 156 
8.709 
2.271 
0.116 
0.050 


(13.302) 


1.685 

2.457 

7.012 

4.516 

0.630 


(16. 300) 


29.602 


7.400 


37.002 


0.085 


1 
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reference concept variations and impacts 


studied ^cvide^tf “ re 

■& n aiso indicat - — <* «» c«:n^ P a a i t r:r^ tim 


Both silicon and GaAs concepts were studied -> 

that the silicon concent is • ^udred. The results indicate 

silicon concept is opt£i«d ^ GaAs CO » c ^' ^he 
concept is near-optimum at CR=2 H A- thT^h^^V Whereas > the GaA s 
to 6, the length-to-width o^thi 

of troughs generally have lower wiring weights W J blgber number 
complex. The centrally-located antenJL ® gh S bu ^ construction is more 

but are somewhat more complex to construction wj ^ l0WeSt Wei ^ ts 
end-located antenna concepts three troughs a * b ° th ^ entrall y--located and 
for weight and constructability. g PP ear to be the best compromise 


REFERENCE CONCEPT VARIATIONS AND IMPACTS 


VARIABLES 


MPACTS 


CONCENTRATION RATIO 


• CR = 1 

• CR = 2 


t BEST FOR SILICON CONCEPT - SIMPLER CONSTRUCTION 
« BEST FOR GaAs CONCEPT 


NUMBER OF TROUGHS (L/W) 


• 3, 4, 5, 


I LOWER NUMBER FAVORED FOR CONSTRUCTION, HIGHER 
NUMBER FOR LOW CONDUCTOR WEIGHT 


ANTENNA LOCATION 
t CENTRAL 


t LOWEST WEIGHT, LARGE ROTATING JOINT 
• INCREASED MASS (CONDUCTOR WEIGHT), SIMPLER 
CONSTRUCTION, REDUCED MICROWAVE ANTENNA 
COMPLEXITY (THERMAL) 


SOLAR CELLS 

t GaAs 
• SILICON 


LOWEST WEIGHT AND COST CONCEPT 
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AhTEXKA DESICS CONCEPTS 


Tbi& chart illustrates the matrix of antenna structure types (tension veb and 
spacefrane; ar.ri antenna locations studied. Results of the trade studies indicates _ 

that the central antenna is preferred to reduce satellite mass. previous %tuc*es 
considered cooling of the klystron collector from both the front and rear sides of 
the antenna, Radiation fr on the front side require a hole in the center of the 
antenna, thus reducing the propagation efficiency of tne antenna. 1/uring tr.^s 
study, it was determined that it is thermally acceptable to radiate from the rear 
of the antenna, even with a centrally located antenna, provided that the slip rings 
are not located directly under the antenna. When comparing the two antenna structures 
the thermal analysis concluded that the spaceframe antenna primary structure would 
encounter severe heating fro m the klystron collector ^radiation * r on tne rear of tne 
antenna) . High temperature composites are necessary to provide the needed structural 
strength. This Is not a problem with the tension web concept. 

Studies of attitude control and stationkeeping indicated that little difference 
in total thrust and propellant requirement exists among the concepts. This is due to 
the dominance of the east-vest stationkeeping caused by solar pressure. East-vest 
stationkeeping is required to assure non-interference of an SPS with another EPS or 
another satellite. If east-west stationkeeping is constantly applied, all other 
attitude control and stationkeeping requirements can be obtained concurrently by 
combined ion-thruster applications. Additionally, some relief can be obtained from 
efficiency losses due to solar seasonal variations by inclining the satellite up to 
9 s toward the sun. This is another "free” benefit obtained concurrent with east-vest 
stationkeeping. 


ANTENNA DESIGN CONCEPTS 










MAJOR SUBSYSTEM CONCLUSIONS 


This chart is self-explanatory 



MAJOR SUBSYSTEM CONCLUSIONS 


POWER DISTRIBUTION AND CONTROL 

• CENTER -MOUNTED ANTENNA PREERRED TO REDUCE SATELLITE MASS 

• INCREASED NUMBER OF TROUGHS PREFERRED TO MINIMIZE POWER 
DISTRIBUTION MASS - PARTICULARLY FOR END -MOUNTED 
ANTENNA CONCEPT 


THERMAL/MICROWAVE ANTENNA 

• CENTER -MOUNTED OR END -MOUNTED ANTENNAS ARE THERMALLY 

ACCEPTABLE EVEN WITH KLYSTRON COLLECTOR RADIATION OFF 
REAR OF ANTENNA 

• SLIP RINGS SHOULD NOT BE LOCATED DIRECTLY UNDER ANTENNA 

• SPACE FRAME ANTENNA PRIMARY STRUCTURE HAS SEVERE LOCAL 

HEATING FROM KLYSTRON COLLECTOR - REQUIRES HIGH 
TEMPERATURE COMPOSITES 
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MAJOR SUBSYSTEM CONCLUSIONS (CONTINUED) 


ATTITUDE CONTROL/STATIONKEEPING 

• EAST -WEST DRIFT DUE TO SOLAR PRESSURE REQUIRES CORRECTION 

• IF CORRECTION IS CONTINUOUS, COMBINED ATTITUDE CONTROL AND 
STATIONKEEPING CORRECTIONS RESULT IN SAME PROPELLANT 
REQUIREMENT AS STATION KEEPING ALONE FOR ALL CONCEPTS 
STUDIED 
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MASS PROPERTIES COMPARISONS 


This chart shows the mass properties for GaAs (CR 2) concepts 
with end- and center-mounted antennas and for a silicon concept 
with an end-mounted antenna. The antenna section has the saw mass 
for all concepts. The silicon concept is much heavier (by 20 10 Rg> 
than the GaAs concept, primarily due to the solar cell mass. T e 
center-located antenna is the lowest weight concept Cby 2x10 kg> 
primarily due to power distribution and control mass. 
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mass properties comparisons ~ 10 6 KG 



SUBSYSTEM 


COLLECTOR ARRAY 

STRUCTURE & MECHANISMS 
POWER SOURCE 
POWER DIST. & CONTROL 
ATTITUDE CONTROL 
INFORMATION MGMT & CONTROL 

TOTAL ARRAY fDRYi 

ANTENNA SECTION 

STRUCTURE & MECHANISMS 
THERMAL CONTROL 
MICROWAVE POWER 
POWER DISTRIB.& CONTROL 
INFORMATION MGMT & CONTROL 
TOTAL ANTENNA SECTION (PAY) 

XOTAL SPS DRY WEIGHT 

GROWTH (25%) 

JOTAL SPS DRY WT. WITH GR OWTH 
PROPELLANT PER YEAR 


GoAs CR - 2 


SILICON CR = 1 

(END ANTENNA) 

(CENTER ANTENNA) 

(END ANTENNA) 

1.811 

8.44 

2.889 

.116 

.050 

1.561 

8.44 

1.503 

.116 

.050 

1.607 

23.988 

3.60 

.116 

.050 

13.306 

11.670 

29.361 

1.486 

2.457 

7.012 

4.516 

.630 

16.101 

1.486 

2.457 

7.012 

4.516 

.630 

16.101 

1 .486 
2.457 
7.012 
4.516 
.630 
16.101 

29.407 

27.771 

45.462 

7.352 

6.943 

11.366 

36.759 

34.714 

56.828 
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alterative solid-state concepts 


tut B 0 «p^“rth““5S , l tS 0 ii d - % c a c ^ ...„«* 

iftrASSs: £ “isr 

« «®‘C. For this res SO.,, u“„ d.«™WH ^'‘ tat ' i<!Vtc “ "«<“ *° U- In til—, 
F-ould not be used. Additionally the low voir * current antenna configuration 
resulted ir. a large DC/DC * ?" Soi ^-atf nod^s 

to alleviate the problems described above- LI 1 f )(' baslc a PP roac ^6 were studied 

mounted power nodule* while the othe^ Z* the p Zer tSuS"? th « anteonT 

power ^ules located on the solar arrav 

For fkA _ . _ * * 


ovuar arra 

both rsasonlbis 11 J* r,<:c ' ssar F to radiate thermal energy from 

approaches with two-sided, radiation Inc 10^?°“ ‘a '“^“tl"' ‘f Alternate, 

el he antenna to 21 kK/m- , ( 2 ) redistribution of th^o™. “ P " Wer ln th * tenter 

their spacing and the use of wave guides to dlreft £r pouer “ dul « to Increase 

radlar Iators » end (3j Increase antenna dLLter tf “ tta ^ropnate mlcro- 

radlatlon area while simultaneously reducing “ ‘ ncrt «‘ thermal and microwave 

tlal solution to the large masses due to steo^d^ Tt T, 5°" the s «*nite. A poten- 
the power required by the antenna at low ‘ gh '“a' 0 " volta * a to conduc 

reduce conductor weights. g using superconductivity technology to 


problem IS to^locate^the th * P °“" tondltlonlng 

*5. ■r.? r.*s ; ^ srs- 

^‘ a& no rot *ting wave guide Joints. This consent - 1 ***** * lens antenna. This concept 
mass than the reference concept. However it ’ J r „ *' >pfe< ‘ rs to nave the potential for lower 
related to high power wave guides. U d °* 8 introduca new technology problem 









ht frm i s tsi^ry , 






ALTERNATIVE SOLID STATE ANTENNA CONCEPTS 



INITIAL CONCEPT 


• REPLACE 50 KW 
KLYSTRONS WITH 
50KV/S.S. POWER 
MODULES 

• RESULTING TEMP. 
EXCEEDS 150°C 
POWER MODULE 
LIMITS 


• LARGE DC/DC 

POWER CONDITIONING 
PENALTY ( * 10 6 KG) 



SOLAR- ARRAY MOUNTED S.S. 
POWER MODULES 



ANTENNA- MOUNTED S.S. POV/ER 
MODULES 


THERMAL PROBLEM SOLUTIONS 

- IN ALL CASES, RADIATE HEAT 
FROM BOTH SIDES OF ANTENNA 

- REDUCE RF POV/ER (12 KW/M 2 ) 

- REDISTRIBUTE CENTER POV/ER 
MODULES & USE V/AVE-GUIDES 

- INCREASE ANTENNA SIZE & 
REDUCE POV/ER OUTPUT 

POV/ER CONDITIONING SOLUTION 

- UTILIZE SUPER-CONDUCTIVITY 
TECHNOLOGY 


• THERMAL PROBLEM SOLUTION 

- POWER MODULE DISTRIBUTED 
ON SOLAR ARRAY 

• POV/ER CONDITIONING SOLUTION 

- NO POV/ER CONDITIONING, LOW 
VOLTAGE DIRECT FROM ARRAY 

TO POWER MODULES 

- WAVE-GUIDE RF DISTRIBUTION 
WITH NO ROTATING JOINTS 

• POTENTIALLY LOWER MASS THAN 
REFERENCE 
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COMPARISON OF CONSTRUCTION CONCEPT APPROACHES 

tion is C sho^^°?he f singlf paj^conceptls t • C ° nf ^ Ura - 

the total allocated L tol S ‘ construction of the troughs, requires 
reduced to 108 days, if desired. 8 P SS conce P c > the fabrication time can be 

a larg S S C c e refis th req S Sr 8 ed IZ ToTT' “» “"^ructed simultaneously, 

is utilised, the "S lSe ^uld L ridded ne ' " the 180 4= 

serpentine concept, tL^lid “°" ever> the 

and the number of complex operation o yl • A sliding platform and facility, 

accorded a highel ° M SateUit *. •« »-» 

however! U comparable, 

because each of the two sides, or faces, is used during the LnS”^ 


» ccNsraycncNTiME 

• CxBff SIZE (AVERAGE- 

« CONST, FACILITY MASS i'KGj 

• RELATIVE CONST, COMPLEXITY 


108 DAYS 
375 

5.3 X 1G 6 


ISC DAYS 
266 

5,2X1^ 

4,5 







NASTRANS STRUCTURAL ANALYSIS SUMMARY 


analy2i S of the t^It'rou^rScT"^ 5 ’ ° £ a NASTRAH =«uctural 

structure were analyzed. Thermal^onstraint*" • composite and aluminum 

temperatures, a construction ^er^^e of O-C^d ! T “"T* 
the solar eclipse by the earth of -150°C. mperature during 

The results indicated maximum deflections r>f «->,o 
structure of 100 m compared to only 1 m for rh ^ h aluminum arra Y 
Rotating joint deflections of 0 88^ T - or tha composite structure. 

composite deflections. Despite ’these large def leV ?° mpared with ne gXigible 
that an aluminum structure could be builAo SPs' t-T™ 3 * ^ W&S concluded 
the results indicated that a structure ^tlriS t rT' H ° Wever > 

xs necessary compared to 10 mils previously assumed Th* 1/° 3 ° milS 
a structural weight ud to lOxin 6 L f -, y assumed * Thl s would result in 
a composite structure! E " alumln ™ “"Pared to 1.2*10* kg for 
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NASTRANS STRUCTURAL ANALYSIS SUMMARY 







assumptions 


t 3-TROUGH CONFIGURATION 


• THERMAL CONSTRAINTS 

- EQUILIBRIUM OPERATING 
TEMPERATURES 

- MINIMUM TEMPERATURE 
DURING ECLIPSE - -150°C 

- CONSTRUCTION 
TEMPERATURE = 0°C 


• COMPOSITE & ALUMINUM 
STRUCTURES 


RESULTS 


• MAXIMUM DEFLECTIONS 

- ALUMINUM - 100 M 

- COMPOSITE - 1.1M 


• ROTATING JOINT DEFLECTIONS 

- ALUMINUM - 0.88 M 

- COMPOSITE - NEGLIGIBLE 


• ADDITIONAL STRUCTURAL 

ANALYSIS INDICATES THAT ALUMINUM 
STRUCTURE THICKNESS SHOULD BE 
30 MILS 

- RESULTS IN UP TO 10. 0 MILLION KG 
ALUMINUM STRUCTURE WEIGHT 
COMPARED TO COMPOSITE WEIGHT 
OF 1.2 MILLION KG 


« DESPITE LARGE DEFLECTIONS, ALUMINUM 
STRUCTURE WILL WORK 


t COMPOSITE PROBLEM IS 30 YEAR 
LIFETIME 
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• 

PARALLEL VERSUS SERIES BURN 

-- - 

" - — — 

• 

FIRST STAGE FUEL OPTIONS - LH 2 , CH 4 , RP 


' 

• 

LIFT-OFF THRUST -TO -WEIGHT 



• 

STAGING VELOCITY 



• 

DRY WING VERSUS WET WING 


' 


Satellite Systems Division Rockwell 

Space Systems Group International 
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EOTV CONCEPT CHARACTERISTICS 


fnu-r E0TV conce P t utilizes two SPS solar array bays and 

four gimbaled thruster module arrays Each ^ V t - 

twenty thrusters , however, onl^ 2 ^ftSu“S IITLH TuTf 

firing simultaneously (the thrust indicated is for sixtv-four rb-r t- ^ 

StOTed p OT L are also use” 

attitude hold only during occultation periods. The net cower -Fm™ 

the solar array to the thrusters includes line losses of 67 arrf i -e <- • 

egradatlon of 15 % from the available solar array power of '335.5 Mga^tts. 


1 


u 




1 


1 


1 

1 

1 
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eotv concept characteristics 



.„ UK »wcn t co»T^'*“'" 

. ^ ii»f n ATI K.I A PT1 v.1 l 


BUILT BY smiuuu..- 

POTENTIALLY SPS DEMONSTRATION ARTICLE 
WHEN MODIFIED — 
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PROGRAM PLANNING EMPHASIS 
This chart is self-explanatory. 



PROGRAM PLANNING EMPHASIS 


• OVERALL PROGRAM EVOLUTION 

- INTERACTIONS OF EOTV, CONCEPT DEMONSTRATOR AND 
FACILITIES BUILD-UP 

- EARLY SPACE TEST ARTICLE IMPLICATIONS 

• IN-DEPTH TECHNOLOGY PLANNING 

- SOLAR BLANKET DEVELOPMENT PROGRAM 

- MICROWAVE SYSTEM DEVELOPMENT PROGRAM 

• FUTURE EFFORT SHOULD FOCUS ON POWER DISTRIBUTION AND 
CONTROL 
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SPS TECHNOLOGY ADVANCEMENT PLAN - 

, Phe exploratory researr-K i 

NASA P Stag t te c h2i 4 ' be f' ” ithin the d °-bl e li„, 

turea de vslo ^ h ™^ ^ po„e r convLsWdiHSb^- P ^»ned “n d 0 “" 
large SPS-tyJe LbJcie a ^ t0 P^vide evolutio^ * ■ md ^ space s« 
commitment to large-scale^ ,J eSt articles during the^d^ 111183 leadin g to 
come about 1985 bfsed upon E Velopment ground fnd spacf t ^ decade ‘ The 

lng levels on the «*« - ™ ss o P rio r u jr ui - - -2 sjii 




? 


SPS TECHNOLOGY ADVANCEMENT PLAN 



©9 

^ £ 
♦tj' S 


j— ♦ 

§r- 























CONCLUS IONS 


alternative reference satellite CONCEPTS 

r r C n R p?A PREFERRED F0R SILIC0N C0NCEPT & CR=2 PREFERRED FOR GaAs CONCEPT 
PO P r D R ES C ,°G N N CEPTS C0MPARABLE ,N MASS ™ ROCKWELL -DEVELOPED 

• SSr ANTENNA C ° NCEPTS HAVE LOWER MASS, MORE COMPLEX 

• END -MOUNTED ANTENNA CONCEPTS hai/f *mn,nr ^ 

SIMILAR TO CENTER -MOUNTED CONCEPTS R ° L REQUIF »TS 

• r s rs ss z s 

• SINGLE -PASS SATELLITE CONSTRUCTION PREFERRED 
SOLID STATE CONCEPTS 


ANTENNA -MOUNTED POWER MODULE rowrFPTC Dm ,, lni - 
TECHNQLOCV SUPERCONDUCTIVITY FOR ACC^S^rS^ONING 

THAN CURRENT ' REFER^ HAVE L ° WER MASS 

RE DISTRIBUTION REQUIRED TECHNOLOGY WAVE -GUIDE 
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CONCLUSIONS (CONTINUED) 


NASTRANS ANALYSIS 

• EITHER ALUMINUM OR COMPOSITE STRUCTURE WORKABLE 

• INCREASE OF ALUMINUM STRUCTURAL MATERIAL THICKNESS UP TO 30 MILS 
MAY SIGNIFICANTLY INCREASE SATELLITE MASS 

TRANSPORTATION STUDIES 

• PREFERRED CONCEPT HAS LOX/RP FIRST STAGE AND LOX/LH2 SECOND STAGE 

WITH PROPELLANT CROSS -FEED 

• FIRST AND SECOND STAGES NEAR -EQUAL IN VOLUME 
PROGRAM PLANNING 

• EARLY GaAs SOLAR CELL FEASIBILITY DEMONSTRATION CRITICAL TO SPS 

1980 PROGRAM DECISION - DEMONSTRATION PROGRAM PROPOSED TO 
DOE 


H&- 


HWL 


n 


INTENTIONALLY BLA3K 
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RECOMMENDED SATELLITE CONCEPT 


concept illustrated on this chart is re h J e ^ ence COnCept > the 

study. This co planar concept has a siLT P ° lnt deS± 8 n 

in the center of the solar arrav 8 i microwave antenna located 

taining GaAlAs solar cells with fl l array haS 3 trou § hs con- 

struct ion and operating of So satelU^^ 8 ^ 8±Ve CR=2 ' C — 
p ion or this satellite are at geosynchronous orbit. 




RECOMMENDED SATELLITE CONCEPT 


gOO^ 



• 5 GW AT UTILITY INTERFACE 

• CENTER-MOUNTED ANTENNA 

• 3 TROUGH , COPLANAR ARRAY 

• CR = 2, GaAlAs CELLS 

• GEOSYNCHRONOUS ORBIT 
CONSTRUCTION & OPERATION 
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EOL EFFICIENCY CHAIN FOR RECOMMENDED CONCEPT 


72. 3 GW 


SEASONAL 

VARIATION 


96. 8% 


MICROWAVE 

ANTENNA 


76. 1% 


66. 1 GW 


10. 3 GW 


CONCENTRATOR 

REFLECTIVITY 


91.5% 


15. 6% 


PROPAGATION 

EFFICIENCY 


81. 5% 


OVERALL EFFICIENCY -6. 68% 
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9. 68 GW 


POWER 

DISTRIBUTION 


93. 6% 


'1 

GROUND 

RECTENNA 



83.3% 



UTILITY 
BUSBAR 
3 GW 
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FUTURE EFFORT 


• SELECT SYSTEM CONCEPT AND CONDUCT POINT DESIGN 

• COMPLETE SATELLITE AND SUPPORT SYSTEM CONSTRUCTABILITY ANALYSIS 

• DETERMINE STATUS AND FEASIBILITY OF SUPERCONDUCTIVITY AND HIGH- 

POWER WAVE -GUIDE TECHNOLOGIES 

• COMPLETE SOLID-STATE TRANSISTOR AND CIRCUIT DESIGN 

• COMPLETE NASTRANS ANALYSIS 

• COMPLETE HLLV CONCEPT DEFINITION AND UPDATE IOTV AND POTV 

DEFINITION 

• COMPLETE DEFINITION OF GaAs SOLAR CELL DEMONSTRATION PROGRAM 
« UPDATE PROGRAM DEFINITION AND COSTS 
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TASK 5 


SYSTEM ENGINEERING/ INTEGRATION STUDY LOGIC 


to up£tete^^ s ^ — are used 

tasks are: B Cept - The logic diagram is shown. Major sub- 


5.1 SPS Systems Engineering (Space and Ground Elements) 

5.2 SPS Systems Integration (Space and Ground Elements) 


the blSf of' E ” £“ SSrfo'^ovrtt^.nS U ^ • ^ Ph ° t0TOltai t design concept on 
ey areas of uncertainty i n the concept This naT^ 10 ”’ t0 resolve or reduce 
documenting the updated SPS system point dl!f t garters effort consisted of 
effort (e.g., the two tier ^ previous study 

the coplanar reference concept. These trade' e ”^ ubs 5 rst em o-alysis and trade-offs on 
“* down process in configuration ^Uc^^S dL^SnK" ™ 

a «* 


is f a“et S of point design^ef inition? °The r mf jor^tput^f t0 es tablish 

iTTi ?' “«^«ics 1 of«ch / ^ta d S^trr? tS deSCr “ ln S the^physical°and^per- 
detailed definition of its interfaces -’a 







TASK 5 SYSTEM ENGINEERING/! INTEGRATION 
STUDY LOGIC 



o 

5 

£ 

*T3 


Xfj 
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PLANAR SATELLITE CONFIGURATION AND CONSTRUCTION CONCEPT 


the various trade off cOTpfSns?* lhis a coMeu“utiI<s ^f!“^ “°° USed ln 

£ 1 js l zzl 

be removed by reducing the misoripnrat- - ii 6 laSt bay of solar panels can 
23.5” to 14 48” by tipping the SU “*J *™ 

covered within the attitude control ^ 7 . This approach is 

and has a major impact on solar array sizin^f keepin S sub system considerations 
array area requirements from 30.6xl 0 ^n 2 to 28 . 4xi<>’ J UCXng ^ ° Vera11 solar 



COPLANAR SATELLITE CONFIGURATION & CONSTRUCTION CONCEPT 
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REPRESENTATIVE TROUGH CONFIGURATION 


The solar array/blanket cross section is shown. A basic 
module with dimensions of 600 m wide x 750 m length is utilized 
in the design. Two of these modules are combined to provide the 
necessary 45.5 kV to the power distribution network. 




REPRESENTATIVE TROUGH CONFIGURATION 
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CONFIGURATION OPTIONS 


This chart identifies eight (8) different configuration options 
compared in the trade study. The major comparisons showed the impact 
from: solar cell material selection (GaAs and Silicon) , concentration 
ratio, antenna mounting position (end and center), radiation annealable 
and non- annealable assumptions, and solar array width and length ratio. 

For the study, solar cell and power distribution efficiencies were 
held constant at the values shown in the lower right. 
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CONFIGURATION OPTIONS 
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NOTE: 


CELL EFFICIENCY 

GaAs =20% (AMO, 28C) 
Si =17.3% " 

POWER DISTR. EFFICIENCY 
t? ll = 94% 
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CELL EFFICIENCY 


GaAs 2fsm ?o™\SL C °^:rLpo r t h T rela£±Ve Comparisons between 
This chart reviews present tichnoW st^us a^Tf ^ is the cel * efficiency 
for GaAs of 22.1% based on best datfob^™/^ a 3 pro J ected efficiency 
compared to silicon at 14.5% The SPS ^ da * e ‘ This effici ency is 
efficiency of 20% and siUct efficiency of 17*17 ^ “ »" 

efficiencies major technology advancements are'™* . T ° achieve the se operating 
mg the requirement of low solar cell cost. < J ulre <i, particularly, considei 





CELL EFFICIENCY 


GaAs 


BEST DATA OBTAINED 
TO DATE 


! sc = 34MA/CM 
V OC = 1 .0 VOLTS 
F.F. = 0.88 
CALC -n =22.1% 

■q = ' SC V ° C F,F ' 

S 

REFERENCE: ROCKWELL SCIENCE CENTER 


RELATIVELY INSENSITIVE TO CELL THICKNESS 


SPS USES 20% AMO (28° C) 

~1 MIL CELL WITH 
5 /iM ACTIVE CELL MAT'L THICK 


SILICON 

HIGHEST OUTPUT FOR THIN (1 MIL) 
SILICON CELL =78.5 MW/4 CM 2 
MEASURED 1 = 14.5% 


INTEGRATES OPTIMIZATION TECHNIQUES: 

V'* SHALLOW FUNCTIONS WITH OPT GRID 
PATTERNS 

V'* BACK SURFACE FIELDS 
%/• TEXTURED FRONT SURFACES 
%/• BACK SURFACE REFLECTORS 
%/• HIGHER RESISTIVITY (50 OHM -CM) 

REFERENCE: SPECTROLAB 


• MAXIMUM OUTPUT ACHIEVED AT 5 MILS* 

• SPS USES 17.3% AMO (28°C) ~15.8% + 10% 
IMPROVEMENT 

~2 MIL CELL MAT! THICK 


*1F BACK SURFACE FIELD AND SURFACE REFLECTOR 
TECHNOLOGY IS EMPLOYED - SPECTROLAB 


*5 £ 
a 
o 5 

g £ 
a £ 

Pi 

y— < 

K Oj 


Satellite Systems Division 
Space Systems Group 




Rockwell 

International 


78PD131133 


61 






EFFICIENCY CHAIN SOLAR CELLS 


An updated SPS solar array efficiency chain is shown. These values 
have been corrected for improved solar cell performance as a result of 
the satellite being tipped 9.02° during summer solstice, thereby, reducing 
the inclination angle to the sun from 23.5° to 14.48°. The comparative 
solar array specific power outputs for GaAs (CR=1, CR=2) and silicon (CR=1) 
are shown in the table. These values were used to size the solar array in 
the trade off configuration comparisons. 

A continuous review of subsystem efficiencies is maintained in order 
to provide updated efficiency factors for the design of the SPS. The 
summer solstice is taken as the sizing requirement since power output is 
a minimum during this period. 
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EFFICIENCY CHAIN SOLAR CELLS 
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EFFICIENCY CHAIN - ROTATING ANTENNA AND GROUND RECEPTION 



SOLAR 

ARRAY 

OUTPUT 

klystron 

(135,864) 

RESONANT 

CAVITY 

radiator 

(V 

UTILITY 

INTERFACE 

( 2 ) POWER 

density 

AT TRANSMITTER 

POWER 
DENSITY 
AT IONOSPHERE 

COMMENT 

■ 


9.51 GW 

52 KW/(7.07 GW) 

klystron 

. 

6.79 GW 

4.61 GW 

21 KW/M 2 

■ 

. ,i 

23 MW/CM 2 

EXH A/B 
(3RD QUARTER) j 



9.92 

54.3 (7.39 GW) 

7.09 

4.81 

I =- 

21.9 KW/aV 

24 MW/CM 2 

1 exha/b 

(4TH Q) 


K 

10.3 

. mrc 

56.5 (7.676 GW) 

7.36 

5.0 

22.9 KW/M 2 

25 MW/CM 2 

EXH C 
(1ST Q) 


invil; — 






0) CORRECTED TO NEW EFFICIENCY CHAIN 



T - .98 
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SOLAR CELL DAMAGE EQUIVALENT /MEV 
ELECTRON FLUENCE VS SHIELD DENSITY 


The solar array electrical output is affected by the on-orbit environment 
which includes trapped particle radiation, solar flare proton radiation, ultra- 
violet radiation, and the temperature cycling associated with the eclipse seasons. 
The natural trapped particle radiation environment was obtained from the "Solar 
Cell Radiation Handbook," TRW Report 21945— 6001— RV— 00. The trapped electrons 
are based on the AE— 4 model of the outer radiation zone electron environment. 

For solar cells with minimal shielding, trapped protons may be neglected at geo- 
synchronous orbit. The solar flare proton model was obtained by averaging the 
integral flux values for the five worst years of the 19th and 20th solar cycles. 
The values for damage equivalent 1 MEV electrons are taken from "A Proposal for 
Global Positioning Satellite Electrical Power Subsystem," General Electric, Space 
Division Proposal No. N-30065, 28 Feb. 1974. 

The values of solar flare protons equivalent 1 MEV e- flux shown in the above 
report are multiplied by 1.35 to allow for the six quiet years of the solar cycle. 
The values for a 11 year cycle are then multiplied by a factor of 3 to obtain a 
30 year model. 
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DAMAGE EQUIVALENT e“/cm 2 (1 MEV) 
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NORMALIZED MAXIMUM POWER VS. 1-MeV ELECTRON FLUENCE 


fnr 1 V 6ffeCt ° f 1_MeV electron radiation on solar cell power 

tZ lc\ r C ^ i / ° n S ° lar C6lls ° f var y in 8 thickness. These data are from 
the Solar Cell Radiation Handbook," TRW Report 21945-6001-RV-00. The data shown 

are a composite of data from several sources and represents the mean behavior o^ 

with C siJnS 10na ^ S l T Cel1 production in the Un ited States. Solar cells produced 
wxth significant changes in composition may not show the same radiation loss factors 


l significance of the data shown is that thinner solar cells, percentage wise 

show less radiation degradation than thicker cells. The data shown is obtained bv 

Cdiff erent°f ^ l ^^m power at each radiation fluence by the cell output 
( ifferent for each cell thickness) before irradiation. 


GaAlAs and silicon test data results from tests conducted by Rockwell are 
shown for comparison. y RU< - Kwexj - are 



NORMALIZED MAXIMUM POWER 


NORMALIZED MAXIMUM POWER VS 1-MEV ELECTRON FLUENCE 



1 MeV ELECTRON FLUENCE (e/cm ) 


REFERENCES: 

TRW - SOLAR CELL RADIATION 
HANDBOOK 
Rl - TEST DATA 
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SOLAR PANEL BAY DIMENSIONS - VOLTAGE CONSIDERATIONS 


cells are ZwT^Lli*«e aa *T* tmum ^ 7°^ of the GaAlAs 

Rockwell Science Center and the ^ 

cent programs The relationship f* r the v^ge Is 

V ”>P o " ~ 0 ' 00ia X 1 + °' S V - At the solar array operating temperature of 


.T. C » h maximum power voltage of the cell Is 0.69 V. A referenre V 
silicon is shown. These values for V are used -in riot- • - ^ m P ^ ° r 

rsn, sx-j: ~ -r >~" Sa-.rrsr.ns-.sr 

blanket widths of 25 meter rolls 7 rUC Ur3 considerat:Lons and modular 






SOLAR 


PANEL BAY DIMENSIONS ~ VOLTAGE CONSIDERATION 



j^750M*j 


-.0018V 


1.09 V^-^xT+O.W 


,500M 2 


650M 


SCIENCE 

CENTERS 


— — 850M~*~ 

HsomH 


-1 — I 

GaAs CONFIG. Q> ® 


HUGHES- 
(Vmp = -475) N 


t 

| 600M* 450/ ■ 

7 00M | QOOM 2 j I OOOM 2 

.*» -1 700M 


47.22 KV 


= GaAs 
= Si 


(Vmp * 2 ^ 
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SOLAR CELL TEMPERATURE fQ 


INITIAL I E.O.L I VOLTAGE 


CELL CELL 

VOLTAGE VOLTAGE I METER 


GaAs 113° C 


- «-850M-~ | 
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GaAs CONFIGURATIONS 
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SOLAR CELL CONFIGURATIONS 


A comparison of a silicon solar cell with GaAlAs solar cells is presented 
in the chart. The Si cell for advance applications are projected to weigh from 
0.53 to 0.338 kg/m 2 . For reference purposes, present state-of-the-art silicon 
cells weigh 0.936 kg/m 2 . Weight improvements for Si cells are from use of thin- 
ner cells (4 to 2 mils thick) and thinner covers. Boeing used a weight of 
0.427 kg/m 2 in their SPS study for NASA-LBJSC. 

GaAlAs solar cells are used in the baseline for trade off studies. Weights 
are projected from 0.304 to 0.228 kg/m 2 . In the study, the weight statements 
used a weight of 0.252 kg/m 2 . The GaAlAs cells are presently under development 
and appear to offer a high potential for low weight, high efficiency and mass 
production capabilities. A particularly unique configuration is the inverted 
GaAs/Sapphire where the transparent Sapphire is utilized as the cover; thereby, 
removing a basic weight item and allowing the- cell to operate at elevated temp- 
eratures. The point design solar array SPS utilizes the inverted GaAlAs /Sapphire 
cell concept. 
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*7 =18.0 AT25C 
0.427 Kg/M 2 


SOLAR CELL CONFIGURATIONS 


ERD - EXPERIMENTAL GaAlAs CELL 


<f' 


" 1 2 . 8% (NO anti-reflective'" 

COATINGS) N 


3 MIL 
SILICA 

2 MIL 
SILICON 

1/2 MIL 

interconnect 

2 MIL 
SILICA 


GaAj 'Go As ROCKWELL SPS 


TOP CONTACT 

0.05 pm GaAlAs 
] -5 pm P-TYPE Go A. 

' 5 pm N-TYPE Go A, 

GaA» SUBSTRATE (12 MILS) 



T3 pmSPRAYLON 2.7 mg/cm 2 
'0.05 jim GaAlAs 04 


V =20% 

0.3044 kg/m 2 


GaAs/SAPPHIRE 


$ 


. S pm Go As 

4.0 

20 pm GaAs 

16.0 

\ (SUBSTRATE) 


^INTERCONNECTS 

1.4 

\^13 pm FEP 

2.7 

25 ,,m KAPTON 

3.6 

76.05 /mi 

30.44* 



0.3044 kg/ m 2 


I 20 pm SAPPHIRE 
’ (SUBSTRATE) 


3 MIL SILICA 
2 MIL SILICON 
1/2 MIL INTER 
2 MIL SILICA 


‘BOEING REF 


16.76 MG/CM 2 
11.58 
1.14 
11.18 
40.66 
2.03 
42.69 

(0.427 Kg/M 2 )* 


n = 20% 

0.2794 kg'm 2 
GaAs/GLASS 


* * * * * • R- " »rr 

n = 10 TO 14% 

0.2282 kg/m 2 


INVERTED GaAs/SAPPHIRE 


SAPPHIRE 


I 20 pm GLASS 
(SUBSTRATE) 


^ = 19-20% 

0.252 kg/m 2 * 
1 POINT DESIGN 
CONFIGURATION 
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CONFIGURATION OPTION COMPARISON DATA 


This chart presents the summary comparison data on the eight conf xguratxon ^ 
options studied. Option 1 and 2 is GaAs CIL-2 for end mounted and center mountea 
antennas . Option 6 and 7 differ from I and 2 in that a narrow width xs utxlized 
(i.e., 3 trough wide vs 4). Options 3 and 4 are tne GaAs CR.-1 for ^nne^lab e 
Ld nonannealable considerations. Options 4 and 5 are silicon CR=1 tor annealabl 
and nonannealable. The First Quarter baseline (x.e., 2 tier conjugation) j.s 
presented for reference only. 


Conclusions reached from the data is that the difference between 4 trough 
width and 3 trough width in terms of weight is negligible (<400,000 hg). However 
there is a significant weight savings for a center mountea antenna (-2.0*10 kg). 
This is due to the savings in power distribution wexght. A small dxtference in 
weight is shown between annealable and nonannealable GaAs CP*-1. Major wexg 
differences are shown for the silicon vs gallium arsneide and for annealable vs 
nonannealable silicon. 



CONFIGURATION OPTION COMPARISON DATA 


CONFIGURATION 
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FIRST Q 
BASELINE 

CELL MATERIAL 
CO NC RATIO 
ANT MOUNT 

radiation degrad factor 
CELL OUTPUT (W/M 2 ) 

SOLAR CELL AREA (10 6 M 2 ) 
REFLECTOR AREA (10 6 M 2 } 

BAY DIMENSIONS (M) 

NUMBER SOLAR CELL BAYS 

REFL BAY DIMENSION (M) 

PLAN FORM (M) 

PLAN FORM AREA (10 6 M 2 ) 

NO. SWITCHGEAR {ON ARRAY) 

GaAs 

immm 



Si 
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.84 

190.9 

53.95 

.96 

132.9 

56.3 

.70 

133.4 
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218.2 

47.2 

*369 7 
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600 X 1600 
3 X 12=36 
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1250 X 1600 
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64.3 
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71.4 
2100 

4900 X 15300 
74.97 
2436 

7000 X 15300 
107.1 
3480 


/U./z ■— ■' . 
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COLLECTOR ARRAY flO 6 KG) 

7 1 66 


2.043 

11.897 

2.168 

13.595 

2.230 

23.988 

2.791 

34.506 

2.156 


3.825 

7.722 

1.108 

1.031 

.385 

{14.127) 

STRUCTURE & MECH 
SOLAR PANELS 
SOLAR REFLECTORS 
POWER DISTRIBUTION 
ATT CONTROL/IMS/ROT JT 



7.258 

I. 182 




/ .AJU " 


2.719 

1 .55 

2.879 

.350 

117.259) 

2.545 

.389 

118.697) 

3.058 

.408 

(29.684) 

3.87 
.583 
(41 .750) 

1.182 — 
3.03 

385 . . 

1.272 


112.53) 

(14.011) 

(12.253) 

ANTENNA SECTION 

5 


















SUBTOTAL 
25% GROV/TH 

29.996 

7.499 

28.827 

7.206 

33.556 

8.389 

34.994 

8.749 

45.981 

11.495 

53.047 

14.512 

30.308 

7.577 

28.55 

7.137 

30.424 

7.606 

TOTAL 

37.495 

36.033 

41.945 

43.743 

57.476 

72.559 

37.885 

35.687 

38.029 







Satellite Systems Division 
Space Systems Group 


Rockwell 

International 


75 


98PD131393 


ORIGINAL PAG'fc t£J 
OF POOR QUALITY 



































SOLAR CELL SYSTEM COMPARISON SUMMARY 


studied i e 3 COQl ^ arison summary for each nf t-u 

temperature co^^^^adat^factor, 
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SOLAR CELL SYSTEM COMPARISON SUMMARY 


. PARAMETER 

GaAs 

SILICON 

EFFICIENCY 

/ BEST DATA OBTAINED TO DATE 
CALCULATES ~ 22 .1% AMO 
(28 Q 

HIGHEST OUTPUT FOR THIN (1 MIL) 
MEASURES ~ 14.5% AMO (28Q 

[ 

20% 


[ 

17.3% 

RADIATION DEGRADATION 
FACTOR 

%/ n pa r 

.96 

NON- 

4NNEALABLE 

^ 

n 7n 1 07 

NON- 

^NNEALABLE 



ANNEALING 

/self ANNEALING AT">125 C 

INDUCED ANNEALINGAJ>500 C 

CELL TEMP. COEFFICIENT 

^-.00175 V . VMp = >65 (125 q 

c 

— ° o 215V ; VMP = .28 (125Q 

c 

WEIGHTS 

CR = 1 END MT ANTENNA 
CR=2 END MT ANTENNA 
CR = 2 CENTER MT ANTENNA 

/ 0.252 KG/M 2 

] ( 

BLANKET) 

^NNEALABLE 

slONANNEALABLE 

TROUGH 

TROUGH 

■TROUGH 

TROUGH 

0.427 KG/M 2 

(BLANKET) 

41.945 (10 6 ) KG l 
43.743 (10 6 ) KG L 
37.495 (10 6 ) KG 4 
37.885 (10 6 ) KG 3 
36.033 (10 6 ) KG 4 
35.687 (10 6 ) KG 3 

57.476 (10 6 ) KG ANNEALABLE 
72.559 (10 6 ) KG NONANNEALABLE 

CELL AREA 

/ 28.4 X 10 6 M 2 (10.3 GW) 
362.7 W/M 2 (CR = 1.83) 

56.3 X 10 6 M 2 (10.3 GW) 
182.9 W/M 2 (CR = 1) 
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PRELIMINARY TRADE RESULTS 


The preliminary trade results show that GaAs solar cells remain the pre- 
ferred cell material (compared to silicon). This is based on its higher 
efficiency (20% vs 17.3%); lower space radiation degradation (16% vs 30%)- 
greater potential for self -annealing out of radiation damage (125°C th.^shold 
temperature vs >5Q0°C); lower specific weight (0.252 kg/m 2 vs 0.427 kg/m 2 ) • 
its compatibility with concentrators; improved temperature coefficient- * 
smaller cell area, potential for cell efficiency improvement (the multiple 

oconf aP ^° ncep ^ essentially a gallium arsenide cell with potential of 
cd dUA cell efficiency) and lower overall SPS cost. 

Silicon offers advantages in that silicon material is easily available* 
however,^ scale up is required to obtain the necessary quantity of semi-grade 
si icon (e.g. > 11850 metric tons per 5 GW) . A more mature silicon technology 
exists. Gallium arsenide solar cell development will require a new industry 

f alllum from bauxite and in producing the required solar cells 
~ 30*10 m per 5 GW. 

The center mounted configuration is the lowest weight of those studied. 

This is due to the savings in the power distribution resulting from shorter 
conductor lengths. 


The remainder of results are self-explanatory. 
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PRELIMINARY TRADE RESULTS 


• GaAs SOLAR CELL REMAINS "BEST" CELL MATERIAL (COMPARED TO SILICON) 

• HIGHER CONVERSION EFFICIENCY (20% VS 17.3%) 

• LESS SPACE RADIATION DEGRADATION (.84 VS .70) 

• GREATER POTENTIAL FOR SELF ANNEALING OF RADIATION DAMAGE (125°C VS 500° Q 

• LOWER SPECIFIC WEIGHT (0.252 KG/M2 VS 0.427 KG/M 2 ) 0) 

• COMPATIBLE WITH CONCENTRATION (CR=2 VS CR=1) 

• IMPROVED TEMPERATURE COEFFICIENT (-0.001 7V/° C VS -0 . 002 1 5V/° Q 

• SMALLER SOLAR CELL AREA (28.4 x 10° M 2 VS 56.3 x 10 6 M 2 ) 

• POTENTIAL FOR CELL EFFICIENCY IMPROVEMENT (MULTIPLE BANDGAP 25-30%) 

• LOWER SPS OVERALL COST (3130. 2M VS 5257M NORMALIZED) (1) 

• SILICON OFFERS SOME ADVANTAGES 

• BETTER MAT'L AVAILABILITY ASSURANCE (67000 MT OF SILICON REQUIRED TO 
PRODUCE 11850 MT SEMI CONDUCTOR GRADE SILICON (SeG-Si) 

NOTE: APPROX. 9,750,000 M.T BAUXITE REQUIRED TO PRODUCE 390 MT 
GALLIUM FOR 1 SPS 

• MORE MATURE SOLAR CELL INDUSTRY (GALLIUM ARSENIDE SOLAR CELLS 

• REQUIRE NEW INDUSTRY) 

e GaAs CR=2 CENTER MOUNTED ANTENNA OFFERS LOWEST WEIGHT SPS OF THOSE 
STUDIED. SIGNIFICANT POWER DISTRIBUTION WEIGHT SAVINGS RANGE ~ 1.5 x 10 KG 
TO 1.8 x 10 6 KG 

• SILICON CR=1 SPS WEIGHT PENALTY RANGE 21 .8 x 10 6 KG TO 36.9 x 10 6 KG 

• GaAs CR=1 SPS WEIGHT PENALTY RANGE 6.26 x 10 6 KG TO 8.06 x 10 6 KG 

NOTE: ^ TAKEN FROM 1ST QUARTERLY 
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KLYSTRON DESIGN CONCEPTS 


The primary candidate klystron study designs are illustrated. The 
initial Rockwell baseline power module was selected during Phase 1 because 
of thermal rejection considerations relative to potential overheating of 
the slip rings, temperature limitations on the electronics and the postulated 
requirement (later deleted) for manned access to the antenna during operation 
The alternate Rockwell concept, which has been adopted during Phase 2^ elimin- 
ates the performance uncertainty and efficiency losses resulting from poking 
the klystron tube through the radiator. This selection follows from analyses 
which demonstrate that the slip rings can be thermally protected and that the 
weight penalty associated with controlling electronic component temperatures 
is relatively small. This klystron concept appears more advantageous than 
the Boeing concept because of its less complex and lighter weight thermal 
control system. In addition, it appears more flexible in terms of distribut- 
ing the heat to be rejected in both directions (space and earth). 


KLYSTRON DESIGN CONCEPTS 
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GRAPHITE COMPOSITE MATERIALS TEMPERATURE LIMITS 


MATERIAL 

MAX. ALLOWABLE TEMP. 
OK 

THERMOSETTING RESINS 

EPOXY 

395 

PHENOLIC 

435 

POLYIMIDE 


ADDITION 

475 

CONDENSATION 

560 

THERMOPLASTIC MATERIALS 

POLYS ULFONE 

380 

POLYIMIDE 

590 
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SPACE FRAME CONFIGURATION LIMITATIONS OF LOW TEMP. COMPOSITES 


In space frame configurations the primary structure i<? -in • • 

B Caosu " ing “ L 

SffSLfLchta^t 1 ^ 8060 ^ 1 - by p ° tentiall y requiring the^ubstitSion^ a°”" 

- in rb ^«rt n for t th«"c«ndidat« n pol^TOl£on« 1 r««in 0 **«*ii^ 1 a* N wor«t*c«»* M ^coodit*on 

In this environment the temperature could exceed the 8 n n Ji B • condition, 

klystron heating is neglected. allowable maximum even if the 

For compression frame— tension web structures thic c -i 
web^structures™^ OSlteS " ^ represents a substantial thermal adv^ntage^or tension 
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SPACE FRAME CONFIGURATION LIMITATIONS OF LOW TEMP. COMPOSITES 


ASSUME MAX. ALLOWABLE TEMP. * 380°K; a s - .9 « ' .8 

FOR THESE PROPERTIES THE MAXIMUM ALLOWABLE EFFECTIVE 
ANTENNA TEMPERATURE IS (APPROXIMATELY): 

(.9) (1352) + 8a (T^ ftX -400 4 ) * .8 a 400 4 OR T^ x = 395 K 

FOR "WORST CASE" SOLAR LOADING ON ANTENNA (EVEN IF KLYSTRON 
EMITS ZERO POWER) ASSUMING RADIATOR HAS BLACK COATING AND 
ZERO CAPACITANCE STRUCTURE. 

(.93) (1352) = .85a T 4 OR T^ ftX - 402°K 

UNDER WORST CASE ASSUMPTIONS LOW TEMP. COMPOSITES MAY BE 
MARGINAL FOR ZERO POWER KLYSTRONS. 
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50 KW KLYSTRON RADIATOR THERMAL LEVELS 


Temperature extremes across the antenna (center to edge) are pre- 
sented for the Phase 1 baseline and improved klystron concepts. The 
edge values assume that the total allowable radiator area is used. 
Temperatures at the center were calculated for no rear surface insula- 
tion or collector shield. If the shieM is used (as shown in the earlier 
chart) then the maximum value would be approximately 100°C. The high 
proportion of waste heat that can be rejected from the earth side (ss 30%) 
represents a significant advantage of this concept. 
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50 KW KLYSTRON RADIATOR THERMAL LEVELS 


ANTENNA 

CENTER 


ANTENNA 

EDGE 


BASELINE KLYSTRON 
(TUBE POKED THROUGH) 
EARTH SIDE RADIATOR 


152°C 


-4°C 


IMPROVED KLYSTRON 
(COLLECTOR RADIATES 
IN SPACE DIRECTION) 


EARTH SIDE 
SPACE SIDE 


129°C 

104°C 


-14°C 

-23°C 
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ANTENNA CONFIGURATION MATERIALS SUMMARY 


The thermal advantage of tension web configurations is apparent 
from the tabular summary. Regardless of antenna location (center 
or edge) low temperature composites (or aluminum) can be used for 
the structure. As shown earlier this also simplifies the construc- 
tion scenario inasmuch as a change in material for the antennas is 
not required and reduces SPS system costs by eliminating advanced 
high, temperature material development requirements. 
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ANTENNA CONFIGURATION MATERIAL SUMMARY 


CONCEPTS 

TENSION WEB 

SPACE FRAME 

BASELINE 

KLYSTRON/ANTENNA 

LOW TEMP. COMP. 
ALUMINUM 

LOW TEMP. COMP. 
ALUMINUM 

IMPROVED KLYSTRON/ 
BASELINE ANTENNA 

LOW TEMP. COMP. 
ALUMINUM * 

HIGH TEMP. COMP. 
HIGH TEMP. METALS 

IMPROVED KLYSTRON/ 

BASELINE ANTENNA 

SLIP RINGS MOVED OUTWARD 

LOW TEMP. COMP. 
ALUMINUM 

HIGH TEMP. COMP. 
HIGH TEMP. METALS 

BASELINE KLYSTRON/ 
REFERENCE ANTENNA 

LOW TEMP. COMP. 
ALUMINUM 

LOW TEMP. COMP. 
ALUMINUM 

IMPROVED KLYSTRON/ 
REFERENCE ANTENNA 

LOW TEMP. COMP. 
ALUMINUM 

HIGH TEMP. COMP. 
HIGH TEMP. METALS 


•HIGH TEMP. METALS FOR SLIP RINGS OR SLIP RINGS 
PROTECTED BY THERMAL REFLECTORS 
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CONCLUSIONS 



Results of the thermal study are summarized. Continued use 
of the compression frame - tension web structure and substitution 
of the improved, alternate Rockwell klystron concept for the pre- 
vious baseline is recommended. Some additional evaluation of the 
relative merits of end mounted versus center mounted antennas 
appears warranted. 
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equivalent to end mounted antenna 

sssss sssssssssss 

ESSsSis 5 ' 


USE OF IMPROVED KLYSTRON CONCEPT WILL RESULT IN SOME WEIGHT 
PENALTY FOR ELECTRONICS 
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SPS STRUCTURAL ANALYSIS 


THERMAL STUDY VERSUS MATERIAL SELECTION 
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PRESENT RESULTS OF THE THERMAL EFFECTS COMPARI 


SON BETWEEN 
(GRAPHITE) 


MAKE KNOWN THE DEFICIENCIES OF NASTRAF 
FOR ANALYZING SPS STRUCTURES. 


COMPUTER PROGRAM 
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SPS COMPUTER PROGRAM STRUCTURAL 


MODEL 


the t b e -?r VlOUS d r i8n confi S urat ion shown 

- sas X s n r&s 

uniis. Similarly, the left-hand wing is a^om? 303131 ^ Substructure No. 1 
No 4 units. The center structure ?? combination of three Substructure 
Substructure No. 2, and tL anSna and "t ° f the Center -cSon 

Finally, the center section, the left-hand ri ? 8 ’ Subst ^cture No. 3 

bxned to form the SPS structural model § ’ ^ r ^ ht ^ ving are com- 




SPS COMPUTER PROGRAM STRUCTURAL MODEL 



SPS STBDCTURAL CROSS-SECTIONS 


This chart shows an enlarged cross-section through the solar and 
reflector region, and a typical cross-section of the bsic 50-m. bean 
element used in the structural model. Although the 50— m beam is a 
structural subsystem of 2— m beams, the analysis did not consider the 
sublevel effects. 
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Sps STRUCTURAL CROSS-SECTIONS 
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SECTIONAL P-OPEPTIES 
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BASIC MODULE TEMPERATURES 



This chart shows a portion of the temperatures 
used for the solar trough members in the computer 
program analysis. The thermal effects are highly 
dependent upon the assembly temperature of the ele- 
ments; however, due to lack of an assembly tempera- 
ture profile, an assembly temperature of 0°C was 
used. 
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ALL TEMPERATURES 
IN DEGREE CELS IDS 



QU 





gag 


MATERIAL PROPER-TIES 


1 „f the material proper 

This chart gives a iu the program for alum- 

ss for two temperature v ^ grap hite construction of t 

um and graphite mater * 6Q% fiber volume, 10 nils 



MATERIAL 


GRAPHITE COMPOSITE MATERIAL PROPERTIES 





PROP!? I ! 



ALLOWABLE STRENGTH 



tu 

8 2 

8 2 

F 

4.27 x 10 N/M 

3.59 x 10 N/M 

X 

(62 KSI) 

(52 KSI) 

cu 

8 2 

8 2 

r 

3.93 x 10 N/M 

2.28 x 10 N/M 

X 

(57 RSI) 

(33 KSI) 

IU 

8 2 

8 2 

r 

1.58 x 10 N/M 

1.17 x 10 N/M 

xy 

(23 KSI) 

(17 KSI) 

MODULI I OF ELASTICITY 

10 2 

10 2 

E 

9.65 x 10 N/M 

9.52 x 10 M/M 

X 

(14 MSI) 

(13.6 MSI) 


10 2 

10 2 

1 E 

2.76 x 10 N/M 

2.41 x 10 N/M 

Y 

(4 MSI) 

(3.5 MSI) 

SHEAR MODULUS 

10 2 

10 2 

G 

2,41 x 10 N/M 

2.34 x 10 N/M 

XY 

(3.5 MSI) 

(3.4 MSI) 

POISSON'S RATIOS 



V 

.72 

.80 

XY 




ifl I 


DENSITY 

1 



■SSKESatn 




-6 

COEFFICIENT OF THERMAL EXPANSION M/M/*C 


.18 X 10 

FIBER VOLUME V f 

.60 

.60 
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ALUMINUM (2014-T6) MATERIAL PROPERTIES 



TETCION TIE MATERIAL PROPERTIES 


PROPERTY 

GRAPHITE 

SPRING WIRE 
302 CRES 

ULTIMATE TENSILE STRENGTH 

16.5 x 10® N/H 2 
(240 KSI) 

17.6 x 10 3 N/M 2 
(235 KSI) 

MODULUS OF ELASTICITY 

2.34 x 10 U N/M 2 
(34 MSI) 

1.95 x 10 11 N/M 2 
(28.2 MSI) 

DENSITY 

1800 KG/M 3 
(.065 LBS/IN 3 ) 

7920 KC/M 3 
(.286 LBS/IN 3 ) 


-0.4 * 10* 6 M/M/"C 14.4 x 10* 6 M/M/°C 

(-0.22 * 10~ 6 1N/IN/V) (8.0 x 10' 6 IN/IN/*F) 


COEFFICIENT OF THERMAL EXPANSION 


ORIGINAL PAGE 18 
of poor quality; 
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MECHANICAL LOADING 


Por this study the only mechanical loading con- 
sidered to he acting on the structure is the reflector 
pretension loading. Other loadings, such as solar 
pressure and. gravity gradients, are considered negli- 
gible for this study. Loading due to solar blankets 
is not known and therefore not considered. 
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DEFLECTIONS— SPS UNITS 


This chart summarizes the end deflections of the SPS unit 
the three analysis cases considered. The pretension, the 
force necessary to keep the X— braces from becoming compressed 
under the given thermal and loading environment, is as follows: 


Aluminum design 
Graphite design 


Steel X-bracing 

Graphite X- 
bracing 


552 MPa (80 Ksi) 
137 MPa (20 Ksi) 


r 

* 

I 
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DEFLECTIONS - SPS UNIT 




DZFLZCIT05JS — ESS KDIitTLZ 


Tols chart shows the displacements for selected points on 
the extreme end of the SPS milts for the graphite end zlv 3 dtnu& 
meterial construction under pretensioning . A comparison. of the 
displacements will given the amount of distortion that the 
retlectors, solar nlanxets , anc other ecuipsent would have to 
undergo ror tne various materials ,■ The CHT sketches cannot he 
compared directly due to the displacement scale factors used by 
the computer program. 



all dimensions 

!?. MET3tS 


JW 

MU 

*.vn 


1JLV 


Roc Vwe 
lrrt«matlOn« 
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DEFLECTIONS - CENTER STRUCTURE 


A - -.0031 
A - .081* 
/ A* - .1070 


a) Casa 2, 


lea Matartal 


»1J 

-.0159 
>277 



NOTE: 

ALL DIMENSIONS 
IN METERS 


1.759 

.7735 \ 

° 7 « ^ 


.0751 -.1258 

1.698 / .773* 


.8819 J 

.9776 

.0*26 


137 * 



k) Caaa 3, /Uiataa Malarial 
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DEFLECTIONS - ANTENNA AND ROTATING RING 



.5506 

-1.473 

.3222 


.1926 



a) Cue 2, Coopoalte Material 


NOTE: 

ALL DIMENSIONS 
IN METERS 



b) Cue 3, Aluaimim Material 







RESULTS — STRESS 


_ 4-v.o ofress of selected members for 

The chart presents theStr construction under pre- 
the graphite and aluminum h stresses are much 

tensioning. - As shown xn the graphit e case, 

higher for the alumnem^aoe ^ ^ the mem bers exceed 

The maximum bending elemental beam caps, 

the crippling allowables of the eleme 


4 


ssss 
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RESULTS -STRESS 


STRESS MAGNITUDES ARE 3 TIMES 
AND LARGER FOR ALUMINUM AS 
FOR GRAPHITE MATERIAL. 


ELEMENT 

NO. 



/"\*12C-S 


f 119 


117 ' 1213 


E1X2CNT NO • 


Elaaant Identification Sunber 


TABLE . COMPRESSIVE STRESS COMPARISON 


CASE 2, COMPOSITE 


AXIAL STRESS 


(-.14) 

(-.14) 

(-. 12 ) 

(-.14) 

(-.14) 

(-.28) 

(- 1 . 11 ) 

(-. 10 ) 

(-1-11) 

(-.03) 

(-. 10 ) 

(-1.11) 

(-.03) 

(-.17) 

(- 1 - 10 ) 

(-.30) 

(- 1 - 10 ) 

(- 1 . 02 ) 

(- 1 . 01 ) 

(- 1 . 00 ) 

(-1-09) 
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CASE 3, ALUMINUM 


MAX. BEND STRESS 


AXIAL STRESS 


(-1.26) 

(-.27) 

(-. 21 ) 

(-.27) 

(-1-26) 

(-.72) 

(-2.31) 

(-.32) 

(-2.31) 

(-.16) 

(-.37) 

(-2.41) 

(-.17) 

(-.55) 

(-. 22 ) 

(-.39) 

(-2.56) 

(-2.62) 

(-2.69) 

(-2.35) 

(-1.32) 


MAX. BEND STRESS 


(-.85) 

(-.41) 

(-1.38) 

(-.41) 

(-.85) 

(-1.42) 

(-1.50) 

(-.46) 

(-1.45) 

(-.39) 

(-.64) 

(-2.28) 

(-.39) 

(-.73) 

(- 1 . 68 ) 

(- 1 . 20 ) 

(-3.99) 

(-1.26) 

(-1.43) 

(-1.84) 

(-4.72) 


(-19.10) 

(-8.47) 

(-10.50) 

(-8.47) 

(-19.10) 

(-5.99) 

(-11.63) 

(- 1 . 22 ) 

(-11.63) 

(-18.78) 

(-3.26) 

(-15.97) 

(-18.78) 

(-8.63) 

(-5.24) 

(-11.70) 

(-12.34) 

(-7.19) 

(-5.38) 

(-2.57) 

(-14.88) 
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STRUCTURAL ANALYSIS PRoi-pam 

raoCiMM (NASTRAN) DEFICIENCIES 

f> ^ y» "j • 
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SASXRAN program “ f P- end Po st - Processor 0 th« 
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STRUCTURAL ANALYSIS PROGRAM (NASTRAN) DEFICIENCIES 


• SUBELEMENT ANALYSI S OF BEAM ELEMENT NOT PRACTI CABLE. 


• CONCENTRATED AND/OR DISTRIBUTED LOADINGS CAPABILITY FOR 
BEAM ELEMENT NOT INCORPORATED IN NASTRAN. . 


. EQUIVALENT JOINT LOADS USED FOR BEAM ELEMENT LOADING. 
TIME CONSUMING AND HIGH MANPOWER COST. 


STRESS RECOVERY FOR BEAM ELEMENTS COMPLEX. REQUIRES 
LABORIOUS ERROR PRONE MANUAL OPERATIONS. 


. PROGRAM CANNOT REMOVE TENSION-ONLY MEMBER WHI CH BECOMES 
COMPRESSIVE (NEGATIVE). 
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DEPENDING UPON DESIGN METHODOLOGY AND INGENUITY, THERE WILL BE AN 
INCREASE IN: 

- ALUMINUM GAUGE SIZE DUE TO CRIPPLING ALLOWABLES 


- STRUCTURAL WEIGHT DUE TO GAUGE SIZE 


THE LARGER DEFLECTIONS DUE TO ALUMINUM CONSTRUCTION MAY PRESENT 
MORE DESIGN PROBLEMS FOR THE REFLECTORS AND SOLAR BLANKETS 
ATTACHMENTS, BRUSH DESIGN OF THE ROTATING RING, AND GUIDANCE 
AND CONTROL REQUIREMENTS . 

ADDITIONS TO THE NASTRAN PROGRAM ARE REQUIRED FOR STRESS/DYNAMIC 
ANALYSIS OF SPS STRUCTURES 


BASED ON THE THERMAL STRESSES AND DEFLECTIONS, ADVANCED COMPOSITES 
ARE RECOMMENDED FOR SPS STRUCTURES 


- THE COMPOSITES LONG TERM SURVIVABILITY ISSUE MUST 
BE RESOLVED 
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3 TROUGH COPLANAR CONFIGURATIONS — 

This chart shows the two configurations studied for 
final point design concept selection. 
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PDS SIMPLIFIED BLOCK DIAGRAM 


This chart illustrates the SPS power distribution interface for the solar 
photovoltaic concept. The distribution subsystem consists of main feeders, 
secondary feeders, tie bars, summing buses, voltage converters, regulators, 
switch gear , slip-rings, brushes and subsystem cabling. The secondary feeders 
tranSfe? thi power from the solar array to the main feeders. The power from 
main feeders to the summing bus is transferred via switch gears. On-array 
switching of submodules is used to maintain bus regulation. Mechanical operat- 
ed breakers (MOB) have been included for safety. The interconnection between 
slip-rings and the summing buses is performed through tie bars. Individual 
klystron dc voltage conversion is performed by centralized converters (one fo 

each brush assembly). 

The schematic shows one wing of the solar array only. The major difference 
between configurations is the number of solar panels tied to each summing bus 
and size of power distribution equipment, i.e., 5 solar panels for the center 
mounted antenna vs 10 solar panels for the end mounted antenna. 
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P D S SI MP L IFIED BLOCK DIAGRAM 

















SOLAR PHOTOVOLTAIC POWER CONVERSION MASS STATEMENT 

~10 6 kg 


The mass of the final two coplanar configurations are shown in the chart. 

The collector array for the center mounted antenna concept results in 1.636x10 s kg 
less weight due primarily to the difference in power distribution weights, 
(1.503x10 kg vs 2. 889xlQ 6 kg). The antenna section for both concepts are taken 
to be the same. Total SPS dry weight with growth shows a savings of 2. 045x10 6 kg 
for the center mounted antenna concept C34. 714x10 6 kg vs 36.759x10 s kg). 
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SOLAR PHOTOVOLTAIC POWER CONVERSION MASS STATEMENT - -10 6 KG 


SUBSYSTEM 

COLLECTOR ARRAY 

STRUCTURE AND MECHANISMS 
PRIMARY STRUCTURE 
SECONDARY STRUCTURE 
MECHANISM 
ATTITUDE CONTROL 
POWER SOURCE 
SOLAR PANELS 
SOLAR REFLECTORS 
POWER DISTRIBUTION AND CONTROL 
POWER CONDITIONING EQUIPMENT 
POWER DISTRIBUTION 

CONDUCTORS AND INSULATION 
SLIP RINGS 

INFORMATION MANAGEMENT & CONTROL 
DATA PROCESSING 
INSTRUMENTATION 

TOTAL ARRAY, DRY 


CO-PLANAR (3 TROUGH) | 

END MOUNTED 

CENTER MOUNTED 

ANTENNA 

ANTENNA 

(1.811) 

(1.561) 

.997 

1.012 

.581 

.316 

.233 . 

.233 

(0.116) 

(0.116) 

(8.440) 

(8.440, 

7.258 

7.258 

1.182 

1.182 

(2.889) 

(1 .503, 

(.262) 

(.262 

(2.627) 

(1.241) 

(2.408) 

1.022 

.219 

.219 

(0.050) 

(0.050) 

0.021 

0.021 

0.029 

0.029 

13.306 

11.670 
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SOLAR PHOTOVOLTAIC POWER CONVERSION MASS STATEMENT - -10 6 KG (CONTI 


CO-PLANAR (3 TROUGH) 


SUBSYSTEM 


END MOUNTED 
ANTENNA 


CENTER MOUNTED 
ANTENNA 



ANTENNA SECTION" 

STRUCTURE & MECHANISM 
PRIMARY STRUCTURE 
SECONDARY STRUCTURE 
ANTENNA 
MECHANISM 
THERMAL CONTROL 
KLYSTRON COOLING 
INSULATION 
RADIATOR 

MICROWAVE POWER 
KLYSTRONS 

ATT. SEN. ELECTRONICS & PHASE CONTROL 
WAVEGUIDES 

POWER DISTRIBUTION & CONTROL 

POWER CONDITIONING EQUIPMENT 
POWER DISTRIBUTION 

CONDUCTOR & INSULATION 
SLIP RING BRUSHES 

INFORMATION MANAGEMENT & CONTROL 
DATA PROCESSING 

| N ST RU MENTATION 

TOTAL ANTENNA SECTION - 

TOTAL SPS DRY 

G ROWTH 30% 

TOTAL SPS DRY WITH GROWTH 


(1 .486) 
.183 
.972 
.14 
.191 
(2.457) 
.851 
.557 
1.049 
(7.012) 
4.250 
.142 
2.620 
(4.516) 
2.466 
(2.050i 
(1 .904) 
( .139) 
( .630) 
.380 
.250 
16,101 
29.407 
7^352 
36.759 
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(1 .486) 

.183 
.972 
.14 
.191 
(2.457) 
.851 
.557 
1.049 
( 7 . 012 ) 
4.250 
.142 
2.620 
(4.516) 
2.466 
(2.050' 
(1 .904 
( .139) 
( .630) 
.380 
.250 
16.101 
27.771 
6.943 
34.714 


Rockwell 

International 


98PD131372 


f TO INTENT'S:: ILLY 1_ 


conditions ostnbixshed^th^iaseltn incl<j(mt p0 war density 

illustrations *£*g“*« S\m „Sor and major axis dimensions 
is an ellipse vxtn 10 xm By ei ■ th e basic rectenna is calculated 

respectively. Thus th £ addit ional land required lor 

to De approximately 10Z.1 Km f an( j w ith the addition, of 

power conversion to 4 ^’the required land purchase 

"rSTrS^cfxn to 135 L 2 depending on power distribution 
complexity . 
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LAND REQU IREMENTS 




• 13 KM (N-S) BY 10 KM (E-W) 

• 23 MW/CM 2 MAXIMUM 
RADIATION AT CENTER 
OF RECTENNA 

• LESS THAN 1 MW/CM 2 
AT FENCELINE 


BASIC RECT EN N A (AT 34° N LATITUDE) 

DIMENSIONS: 13 KM (N-S) X 10 KM (E-W) ' 
AREA: 102. 1 KM2 

CONVERSION AND SWITCHYARD 

AREA/CONVERSION STATION: 0.65 - 1.3 KM? 
NUMBER STATIONS: 12-16 

AREA REQUIRED: _Z,8 - 20. 8 KM 2 


ADDED FOR SAFETY PERIMETER & Ml SC. (10%) 
11 -12. 3 KM 2 


TOTAL LAND REQUIREMENTS /RECTENNA SITE 
121 - 135 KM 2 


RECTENNA SITE (TYPICAL) 
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RECTENNA PANELS- 


This chart Illustrates the main physical and electrical parameters 

of the concept rectenna point design. -The panels consist of— a multi— 

layer copper and dielectric panel containing the electrical equivalent 
of dipole elements, filters and rectifiers. The dimensions used in the 
point design exercise are shown but it must be understood that these are 
not necessarily optimum and therefore must be used with caution. The 
equivalent circuit for a single antenna/rectifier segment is also shown. 
These segments may be interconnected in series/parallel combinations to 
provide 13.35 kW "strings" which are considered the smallest switchable 
elements of the rectenna farm. 

A candidate diode concept is illustrated to show how a GaAs diode 
may be fabricated and to depict the most desirable approach considering 
degradation effects. 

Baseline design requirements result in a preliminary requirement for 
more than 390,000 panels, comprising over 369,000 individually switchable 
power strings . With a basic panel area of ~180 m 2 , the total surface area 
normal to the incident microwave radiation is about 70.2 km 2 . Design 
estimates indicate that for this concept it will be necessary to fabricate 
and install approximately 220xl0 6 diodes. 
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RECTENNA PANELS 


3«0MA(RMS) . 



m 

— 
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, — ^ — — 
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■5 1400 n [ j 
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\ 67 V (DC) 
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— *-24.5 W | 

ANTENNA 1 


INPUT FILTER 


1 1_ “ 330 MA 




OUTPUT FILTER 


EQUIV. CIRCUIT 


, SUPPORT CONCEPT 



\ |— 0.74M-~ | 

“P^PISHS o, 1 CM FOAM 7 

P^?p| 0.0025 CM MYLAR^ / 

i.36 Ss 




0.0018 CM COPPER' \ 
1.25 CM FOAM 


RECTENNA MODULE 

RECTENNA CONSTRUCTION 


STRING 


PANELS 


DIODES 


VOLTAGE 

—40,000 VOLTS 

CURRENT 

0. 33 AMPS 

POWER 

13. 35 KW 

NUMBER 

-369,000 

DIMENSIONS 

14. 69 x 12. 2 M 

AREA/PANEL 

179. 8 M2 

NUMBER 

390, 500 

TOTAL AREA 

70. 2 KM2 

PER STRING 

597 4 

TOTAL 

220 x 10 6 


(100) GaAs SUBSTRATE 
GaAs EPILAYER - 



•dll) GaAs IS ALSO A-CANDIDATE 
FOR SCHOTTKY BARRIER DIODES 


PtGr OR NICHROME(IOOQA) .... 
Au (2 ) LEAKAGE 5 A AT 210°C 
lm ’ 50 mA - 380 mA 
V 0 -0.7V 
AREA - TO’ 3 CM 2 


COULD ALSO BE SNAP-ON 
HOWEVER, SNAP-ON HAS SERIOUS 
DEGRATION PROBLEMS - ESPECIALLY 
WITH MOISTURE. 


DIODE CONCEPT 
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ELECTRICAL BLOCK DIAGRAM RECTENNA SWITCHYARD 


This chart illustrates the design capability of a computer 
managed conversion/ switchyard computable with the conceptua 
rectenna point design. Illustrated are the individual rectenna 
strings, the internal sunning (Xfer) busses, the conversion 
stations, and the main power bus that serves as the inter 
(with appropriate switchgear) to the various utility networks. 
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ELECTRICAL BLOCK DIAGRAM 
RECTENNA SWITCHYARD 
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SUMMARY 
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attitude control and stationkeeping subsystems 

EOR COPLAN AR SPS CONFIGURATION 


The purpose of the work presented here is to evaluate the “planar 
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ATTITUDE CONTROL AND STATIONKEEPING SUBSYSTEM 

~ r ; ■ . ; ■: ^ FOR ' ; — " J - 

COPLANAR SPS CONFIGURATION 


RON OGLEVIE 
& 

DON CAM I HONE 
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CONTENTS: ACSS FOR COPLANAR SPS 


The subjects to be treated are listed in the chart. Of particular 
concern is how to accommodate the large unbalanced solar pressure torques 
inherent in the coplanar configuration. To accomplish this a solar pressure 
model is developed and its impact on attitude control and stationkeeping is 
defined. Trades are performed to find ACSS concepts which minimize the RCS 
propellant and number of thrusters required. A configuration is found which 
meets the attitude control and stationkeeping requirements with a RCS propel' 
lant quantity only slightly greater than required for stationkeeping alone. 

A gimbaled RCS thruster arrangement is found to substantially reduce the 
number of RCS thrusters required relative to previous body fixed thruster 
configurations. The system is capable of significant bank angles (roll) 
which substantially reduces the collector cosine losses inherent in previous 
configurations utilizing the Y-POP attitude. 
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CONTENTS: ACSS FOR COPLANA.R SPS 


• SOLAR PRESSURE MODEL AND STATIONKEEPING 

; ! j . 

• IMPACT OF COPLANAR CONFIGURATION ON CONTROL REQUIREMENTS 

• SYSTEM TRADES 

• BASELINE ACSS DESCRIPTION 

• PARTIAL SOLAR POINTING (BANKING) TO REDUCE COLLECTOR 

COSINE LOSSES 

• CONCLUSIONS AND RECOMMENDATIONS 
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ACSS EQUIPMENT LOCATION 


The chart illustrates sope of the P««rent features o* ^ne^baseline^ M 

aperation of adjacent z approximately xn the dxrectxi on thruster 

thrusters nominally provxde a J^nkeeping) which is the dominant thruster , 

S °The thrust ers^ar^gifbaled through , 

sensors that fake up the A “““f the average operating power is 

mass of the ACSS with propellant 
n a 7 mppawatts. 



- \ ‘ ■■■ J y -.-. ~ -- -- - ‘ ^ 


x-~- :".-• -’fv 


j n: -’rE .v.y. j ■■! 


ACSS EQUIPMENT LOCATIONS 



SOLAR 

PRESSURE 

FORCE 


attitude reference determination 

(7 LOCATIONS) 

• CCD SUN SENSOR (1/SYSTEM) 

• CCD STAR SENSORS (2/SYSTEMN 

• ELECTROSTATIC OR LASER GYROS (3/SYSTEM) 

• dedicated mini processor 



REACTION CONTROL SYSTEM (RCS) 

F # A ARGON ION BOMBARDMENT THRUSTERS - 
LOCATED IN 4 MODULES 

• CRYOGENIC PROPELLANT STORAGE - 

ELECTRIC REFRIGERATION FOR HEAT 
LOSS MAKEUP riIv ... ri: 

• HEMISPHERICAL PLUME CLEARANCE 

• SERVICEABLE IN PLACE 


GIMBALLED RCS THRUSTERS 
(16 PER CORNER, 64 TOTAL) 


THRUSTER CHARACTERISTICS: 

• THRUST - 13N 

• SPECIFIC IMPULSE - 13,000 SEC 

• POWER - 1275 KW 

ISIncl’ Supports * cabling) - 120 kg 

:“|NG UFE (G S RIDS & CATHODES) - 500 HR 
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SOLAR PRESSURE FORCE MODEL 


Because of the impact of the solar pressure force on the coplanar design, 
a more accurate solar pressure force model was developed. To derive the 
expressions to describe the forces, the assumption was made that energy was 
reflected specularly off the reflectors and diffusely off the blankets, A 
complete description of the solar pressure force would have to include the 
contribution of the force due to the reflections from the blanket back onto 
the reflectors. However, this contribution is neglected because it is 
negligible compared to the other forces. The chart shows the major steps 
that were taken to obtain the final force expression as a function of the 
capture area of the blanket. 
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SOLAR PRESSURE FORCE MODEL 



A b = TOTAL AREA OF BLANKET 

A 

A c = CAPTURE AREA OF BLANKET = CRxA b 

A r = TOTAL AREA OF REFLECTOR 

A 

R b = REFLECTIVITY COEFFICIENT OF BLANKET = 

A 

R r = REFLECTIVITY COEFFICIENT OF REFLECTOR = 


) = P s A b (1+R b> + P s Vos60°m-R R )sin 2 60°-f(l+R R )cos 2 60°] + 2(l + R b )R R P s A b cos 2 60' 


FORCE ON BLANKET 
FROM DIRECT SUNLIGHT 


FORCE ON REFLECTORS 
FROM DIRECT SUNLIGHT 


FORCE ON BLANKET FROM, 
REFLECTED SUNLIGHT 


+ REFLECTIONS FROM BLANKET BACK ON REFLECTORS (NEGLECTED) 


SF sp * MV 1+R bX'+R R /2) + A r /2(1-R b /2)] 

FOR CR = 2, A c = 2A b AND SUBSTITUTING R b = 0.17 & R R = 0.9 

~£F sp - 1.125 P, flj 

OVERALL COLLECTOR HAS EQUIVALENT REFLECTIVITY = 0.125 
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ATTITUDE CONTROL RCS REQUIREMENTS 


The SPS coplanar configuration results in substantial solar pressure and 
gravity gradient torque. The solar pressure torque is due to the end-mounted 
MW antenna causing a large center of mass offset relative to" the center of 
pressure. The relatively flat design of the spacecraft results in large cyclical 
gravity gradient torque about the axis perpendicular to the orbit plane (negligible 
inertia balancing). The S/C orientation is Y-POP; where the Y-axis is the long 
axis of vehicle. 

These torques were the dominant factors driving the RCS propellant and 
thruster requirements. The effect of these factors on the RCS requirements for 
attitude control are shown in the chart. The data assumes the disturbance torques 
are balanced with RCS torque couples and are obtained independently of the thrusters 
providing the stationkeeping forces. 



ATTITUDE CONTROL RCS REQUIREMENTS^ 


FUNCTION 


PROPELLANT MASS 
(°Io S/C MASS \ 
l OVER 30 YEARS/ 


•SOLAR PRESSURE 
•ANTENNA RADIATION 
PRESSURE 


4.01 


•GRAVITY GRADIENT 

• ABOUT X 

• ABOUT Y 

• ABOUT Z 


0.124 
1.38 
0. 124 


TOTALS 


1.62 

5.63 


* TORQUE COUPLES ASSUMED 

**1 00-CM ARGON THRUSTERS, T 

Iw 


NO. OF THRUSTERS* 


X Y Z 



15.2 


1.66 

16.4 


1.6 



1.6 


18.1 

1.6 


33.3 


l V- 



13n, I sp = 13,000 SEC, M s/C = 36.6x10 KG, I X x 
3 . 09x1 0 12 KG-M 2 , Izz = 1 0. 2x1 0 14 KG-M 2 
(INCLUDING GROWTH) 


9.86x10 14 KG-M 2 , 
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STATIONKEEPING RCS REQUIREMENTS 


. For small contemporary spacecraft the dominant stationkeeping 

i 1S i t0 u° rreC u the S ° lar “ lunar Perturbations. However, the chart 
clearly shows that for the SPS vehicle the solar pressure perturbation 
dominates by a factor greater than five. The contribution of this 
force on the stationkeeping requirements is approximately 85% of the 
propellant mass and 57% of the thrusters. 
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STATIONKEEPING RCS REQUIREMENTS* 


FUNCTION 


AM 

(m/s/YR) 


THRUST 

REQUIRED 

(N) 

NUMBER 

OF 

THRUSTERS 

• SOLAR PRESSURE (E-W? 

• ANTENNA RADIATION 

PRESSURE (E-W) 

. 

• EARTH TRIAXIAUTY 1 

(E-W) 1 

• STATION CHANGE 

(E-W) > 

■ 

282.5 

■ .. ■■ 

6. 65 

328 

25.2 

• SOLAR -LUNAR 




124** 

19. 1** 

PERTURBATION (N-S) 


53.3 

1.25 

TOTALS 


335.8 

7.90 

452 

44.3 


* - 100 CM ARGON THRUSTER, T = 13 N, ISP = 13,000 SEC 


** - THRUST ON 50% OF TIME 


1 
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SOLAR PRESSURE STATIONKEEPING PERTURBATIONS 
AND CORRECTION POLICIES 


The chart shows the expressions for the propellant consumption of two solar 
pressure correction policies, constant cancellation of solar pressure force and 
Hohmman transfer. The Hohmman transfer correction policy shows a potential pro- 
pellant savings of 25 percent. However, this savings is not realized because 
during the coast periods large propellant consumption is required for attitude 
control which was shown previously. The preferred scheme is the continuous 
thrusting correction policy, which virtually eliminates the propellant require- 
ments for attitude control due to solar pressure and gravity gradient torques. 
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SOLAR PRESSURE STATIONKEEPING PERTURBATION AND 

CORRECTION POLICIES 









RCS REQUIREMENTS FOR ALTERNATIVE CONTROL APPROACHES 

possible cases requirements for fi ve 

with and without complete correction r* giml) * le<:: thruster configurations, 
and with the additi^ Perturbation, 

use of the quasi-inertial free drift attitude m . J<llanc * ng to the spacecraft or 
the large cyclical gravity gradient torque % * 1° minimi2e the impact of 

erat ions, solar press-are stationkeeping correction ^s Perturbation consid- 

eration policy is a continuous force ecull ando r f qUlred aad the preferred 
*orce. The QI-FDAM approach with its +18 0 a trir °PP° s - te to s °iar pressure 
a CR-1 configuration but is nTt 1 n l) \ excursions is applicable to 

balancing in not aanil/achi^L ^X ^nc^ ?*""! CR * 2 •*«**■>• Inertia 
on these considerations all the alternatives c °pl*nar design concept. Based 
rejected. The gimbaled thruster configurator “ pt ln the first two rows are 
pellant savings and substantial!* l.s. thrust era 


RCS REQUIREMENTS FOR ALTERNATIVE CONTROL APPROACHES 


system 

COMPLETE STATIONKEEP- 
ING & ATTITUDE CONTROL 


THRUSTER CONFIGURATION 
BODY FIXED GIMBALED 


SAME BUT SOLAR PRESS. 
TRAJ. PERTURBATION NOT 
CORRECTED (TORQUE 
COUPLES FOR ATTITUDE 
CONTROL) 


PROPELLANT MASS _ 

(% S/C MASS \ iiP- 0^ THRUSTERS required* 

* OVER 30 YR I X Y Z TOTAL 
8 -° 1-6 19.1 34.3 55.0 


35.6 35.6 


1.6 19.1 24.3 45.0 


t 4 

F r 

CZ_D-c 

* A 


SAME BUT SOLAR PRESS. 
TRAJ. PARTIALLY 
CORRECTED (TORQUE 
COUPLES NOT REQ'D) 


SAME BUT QIFDAM OR 
INERTIA BALANCING 
EMPLOYED (ELIMIN- 
ATES CYCLICAL G.G. 
ABOUT Y-AXIS) 


*does NOT include redundancy or spares 


1.6 19.1 18.3 


1.6 19.1 26.1 
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ORIGINAL PA< ,jj la 
OF POOR QUALITY 


ACSS MASS SUMMARY 


“ °L th t %* a T B a " d 

IS given with and without the oronellarr v * 5 *' 1 

the n reader e i8 q refT nt d l0Cati0n8 pertinent characteristic 3 ' 

E, h : iP r :: d r L0 l c s a "o £ : 6 r 'r d to an eariier cbart ■*» 


. 
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ITEM 


MASS 
(xl0 + 3 KG) 


ATTITUDE REFERENCE DETERMINATION SYSTEMS (7) 0. 32 

THRUSTERS - INCLUDING SUPPORT STRUCTURE, 

64 @120 KG/THRUSTER 7.68 

THRUSTER GIMBALS AND MOUNTING TBD 

TANKS, LINES, REFRIGERATION 15.07 

POWER PROCESSING EQUIPMENT TBD 

ARGON PROPELLANT - ANNUAL REQUIREMENT 85.39 


TOTAL (DRY) 23.07* 


TOTAL (WITH PROPELLANT) 108.46* 


-NOT INCLUDING TBD ITEMS 
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MAXIMUM BANK ANGLE 


6 


L 


i 


The SPS spacecraft is nominally designed to operate in a Y-POP orientation 
(i.e., long axis, Y-axis, perpendicular to orbit plane). Major advantages can 
be realized if the spacecraft is pointed more toward the sun. The collector 
cosine losses would be reduced which reduce the size of the solar collector, 
thus a reduction in spacecraft mass and cost. The ideal bank angle is 23.5 
degrees which is achievable with an increase in propellant and thrusters. 
However, partial solar pointing with no propellant and thruster penalty is 
an advantageous feature. As illustrated in the chart, a roll angle of 9.0 
degrees can be realized with no propellant penalty or loss of control authority. 
Essentially this is achievable by simultaneously countering the large gravity 
torques and the solar pressure forces through use of thrusters that are pre- 
*- dominantly at one end of the S/C. With this bank angle the collector cosine 

loss is reduced to 3.2% from 8.2% for the Y-POP operation (net savings equal 
5%) . The chart shows the steps and calculations involved in deriving the bank 
angle. 

t 
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MAXIMUM BANK ANGLE 


F $ ' 32b N 



FROM PREVIOUS ANALYSIS ALL TORQUES 
MODULATION £F>0; F s /2 - Fp - F - 0 

F ■ Fs/ 2 - Fp - 164 - 5.4 • 158. 6 N 


G sp 4 SOLAR PkESSURE TORQUE 

4 GG TORQUE DUE TO BANK ANGLE 0 
“ |W 0 2 (l z -ly) sin 20 

F s / 2 4 FORCE THAT CANCELS OUT SOLAR 
PRESSURE & TORQUE 

F p 4 FORCE TO CONTROL GG TORQUE DUE 
TO .3° PRINCIPAL AXIS 
MISALIGNMENT = 5.4N 

F 4 FORCE TO CONTROL G$ 

EXCEPT ARE ACCOUNTED TO INSURE 


F IS THE MAXIMUM FORCE AVAILABLE TO ROLL VEHICLE BY ANGLE 0 


Fi c - 3/ 2 W 0 2 (l z - l Y ) sin 20 AND 0 ■ | sin' 1 


FFr 


[ffl Cz 


WITH THE VALUES OF F, t c AND 3 1 2 W 0 2 (l z - ly ) = 7. 84 x 10 6 NM 





•4 K 


0 MAX = 9. 020 
% COS LOSS - 3.16 
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CONCLUSIONS AND RECOMMENDATIONS 






• COPLANAR CONFIGURATION HAS LARGE DISTURBANCE TORQUES 
(SOLAR PRESSURE AND GRAVITY GRADIENT) 


• IF SOLAR PRESSURE STATIONKEEPING CORRECTIONS NOJ REQUIRED 
'PROPELLANT PENALTIES ARE LARGE AND ALTERNATIVE 
CONFIGURATIONS SHOULD BE CONSIDERED 


• IF SOLAR PRESSURE STATION KEEPING CORRECTIONS ARE REQUIRED 
PROPELLANT PENALTIES FOR ATTITUDE CONTROL ARE 
VIRTUALLY ELIMINATED, (I.E. COPLANAR SPS ACCEPTABLE) 


• GIMBALLED THRUSTER ARRANGEMENT DEVELOPED, RESULTS IN FEWER 
THRUSTERS REQUIRED AND PROPELLANT REDUCTION (RELATIVE 
TO EARLIER BODY MOUNTED THRUSTERS) 


• SMALL ROLL ANGLES CAN BE FLOWN, RESULTS IN SUBSTANTIAL 
REDUCTION IN COLLECTOR COSINE LOSSES 
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BRIEFING OUTLINE 
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CONFIGURATION DESIGN CRITERIA 



_groundrui fs 

• COPLANAR CONFIGURATION 

• 5 GIGAWATT SYSTEM 

• END-MOUNTED ANTENNA 

• COMPOSITE STRUCTURE 

• GEO CONSTRUCTION, 2 SATELLITES PER YEAR 

• ELECTRIC COTV 

• GaAs SOLAR CELLS, CR = 2 

GUIDELINES 

• R ETA!N DESIREABL E FEATURES OF JUNE 78 DESIGN 

• CONSTRUCTION CONCEPT 


I?* 



lilEMMALtf r* 
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ROCKWELL BASELINE SATELLITE DESCRIPTION, 


JUNE 1978 


the slip ScT and 3 Ce " ter s ~“°” “P»» which 

long, mmbered ss shown on the isome^ri^ h lng conslsts of 12 bays 800 m 
Referring to the cross section ^ ° f the satellite. 

25 t, U i de are installed al0 the bottle Jf’ c' Strlps 750 ■> long and 
" f e the reflector panels are installed in the trough “idfs? “ lndlc “ted, 

^^J^ l : t SnST, 1 2 e J 0 SrS£J, ^ ? m trIb —- longerons 




ROCKWELL BASELINE SATELLITE DESCRIPTION, JUNE 1978 


17*171 IM 
OVIRAU 


REFLECTOR' 


•— »M 

SOM TRIBEAM GIRDER SECTKPl 
TYPICAL AU TRANSI/ER SE 
4 LONGITUDINAL beams 


.SOUkCEIl 

Hi an ri : 

■ 650 M — 


606.?? IM 


751 Ml M 


RETIECIOR PANEl S 


REFLECTOR PANELS 


MASS W/GROWTH: 39.606 


: SOLAR CELL 
\ VaiANrti , 


SOIARCEU 

blanket 


tSOM •jm— 650 M 6 SO M — 

5850 M 

SATtllin POINT DESIGN STRUCTURAL cross-section 
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CONSTRUCTION SCHEDULE FOR ROCKWELL BASELINE SATELLITE 
JUNE 1978 


A single integrated construction facility builds the structure, installs the solar blankets 
‘ reflectors, the power distribution system and other subsystem elements located in the wines.’ 
obstruction starts with one wing tip and progresses toward the center section where the rotating 

jo nt .or the MW antenna is to be located, and hence continues outboard building wing No 2 and 
terminating at the wing tip. 8 no * L ana 


^ ? h d ?r 3re desi « nated for preparation of the construction facility, including 
distribution and installation into dispensers of material (e.g., structure cassettes solar 8 

blank.ts, etc.) required to commence construction. During this time satellite materials are 
arriving from LEO daily with delivery scheduled for completion by the 60th day. 

Each satellite wing consists of 12 bays 800-m long. These are constructed at the rate of 

oower V c r nv tW °i yS USlng 8 " h ° Ur ShiftS p6r day> The structur « and installation of the 

p r conversion system of wing No. 1 is completed on the 34th day. While the wing No. 1 

construction is taking place the MW antenna crews are proceeding with the assembly test and 

- sy-ssirar 

transfer of the antenna to the trunlon mount.. Two days are allowed for contingencies 

ope rat To^an^ma In tenance^are ^Installed *- 

is: — 
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JUVE 1978 


constructed “at "it s°J e ^ “ talllt «» takes pl.ce In GEO 

‘tie. are suppos'd Jv f'T'', lo ’« tlt “ d ‘«l locat Ion h Sa “ U ‘“ being 

satellites at the rat. , ‘““Stated construction J C ° natru ““°" actlv- 

Portlon of the progrl. ,, per W (and later 5 per vearf's Ch P rodu «s 
the operational location of one satellit ^ ' “ Ur ^ n ^ £ he nature 

° n of the "ext satellite for ro„\ h * base is ®oved to 
The construction base COn • 5 rUCtl ° D ° f that satellit 

:rSEH : L” : ^ 

The maior rn n .». a e ln situ, 

deployment equipment fo“th eqU , lpment includes the 50 m t fK 
P-er distribution conductors ‘“the" “m bla " k ““. tne soUr fabr ‘“ a f>rs ; the 
_£* stru cture tensioning cables r . Cables for retention of t h* fle ^ tor Panels, the 
■aules; and the eaulnm . * '“ e assembly facilirv t ® s °lar blankets an 






ROCKWELL BASELINE SATELLITE CONSTRUCTION BASE (SCB), JUNE 1978 


CONSTRUCTION FIXTURE 

BASE SUPPORT FACILITIES & EQUIP (2 EA) 

340-CREW MEMBER SUPPORT 

BASE SUBSYSTEM, MAINTENANCE SHOPS 

BASE MGMT, COMM., CONTROL, LOGISTICS 

WAREHOUSE 

EOTV OOCKING/CARGO RECEIVING 

POTV DOCKING ; 

MW ANTENNA ASSEMBLY FACILITIES 

@ FRAME FABRICATION FIXTURE 

<£|) RF ELEMENTS ASSY &INSTL FACILITY 

FRAME TRANSLATION GUIDEWAY 

§D FRAME (50-M TRIBEAM) FABRICATORS 
^ >\ 
SATELLITE FRAME (50-M TRIBEAM) FABRICATORS (33 PLCS) / ~7 

@ LONGERONS (14 PLACES) / 

@ TRANSVERSE FRAME BEAM (19 PLACES) / / 

BEAM FAB/INSTALLATION WORK STATIONS (14 PLCS) / / 

SOLAR BLANKET & PDS INSTL STA. / f 

SOLAR REFLECTOR PREP/INSTL STA. 

INTRA-BASE LOGISTICS VEHICLES \ Jrk 
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ROCKWELL BASELINE SCB MASS SUMMARY, JUNE 1978 


BEAM MACHINES: 234x 700 KG 
TRI BEAM FABRICATORS: 39 x 2100 KG 
REFLECTOR INST. EQUIP: 6x 20,000 KG 
SOLAR BLANKET DISPENSER: 73 x 2000 KG 
CABLE & CATENARY DISPENSER: 307 x 200 KG 
CABLE & CATENARY ATTACH. MACH: 79 x 300 KG 


MICROWAVE ANTENNA 
FABRICATION FIXTURE 

BOOM MOUNTED MANIP. MODULES: 36 x 5000 
BEAM STATION LOG. VEHICLE: 6 x 5000 

CREW LOGISTICS VEHICLE 16 x 5000 

58 x 5000 


HABITAT 

BASE POWER SUPPLY 


163800 KG 


81900 

120000 

146000 

c 

61400 


39500 

*-c £ 

gg 

612600 

1? 

450000 

> o 

2000000 

c£ 


290000 

3352600 

204C300 

1000000 

TOTAL 63926C0 KG 


TENTT 
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V • SINGLE INTEGRATED SCB 

V • CONTINUOUS STRUCTURE FABRICATION 

V • SOLAR CONVERTER INSTALLATION SIMULTANEOUS WITH 

STRUCTURAL FAB 

• ANTENNA ASSEMBLED IN PLACE CONCURRENT WITH 
CONSTRUCTION OF SECOND WING 

V • NO SCHEDULED EVA 

• 180 DAY CONSTRUCTION SCHEDULE 


Rockwell International 

Space Division 
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COPLANAR SATELLITE AND CONSTRUCTION 


OPTIONS 


T eUUe “ lth ««« counted 

construction techniques £!! «•*» applicable 

width to four troughs, with att-pnH * effect of increasing the satellite 
the next two chart!./ ?!! *“?"!“' teductinn in lengths, is sh!™ „! 

for*Md i V f a sma11 SCB and “all “«!°!I!!t!!“«* chal,ue 0ffers the 

for reducing construction time since each ^ b ^ ° ffers little flexibility 
also it is less appropriate for t-h trough is constructed seriallv- 

istics? 816 — ction technique 7 *!!! 


SATELLITE AND CONSTRUCTION OPTIONS 
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3- AND 4- TROUGH SATELLITES 
WITH END MOUNTED ANTENNA 


f fhe satellite end-mounted antenna 
Three and four trough ^ s ^ r ° blanket area is the same for each 

serpentine concept because ^ sa ot the SCB used for «rp» . 

rhe entire 180 days. , single pass SCB, tne 

struction is sUghtly less t^ tor**^* sectlo „ s , is -re complex. 
SCB, featuring a large platform 



3- AND 4-TROUGH SATELLITES WITH END MOUNTED ANTENNA 






SATELLITE 

CONFIGURATION 


SCB CONSTR 

CONFIGURATION CONCEPT 


MASS =38.2 X I0 6 KG 


MASS =5.3 X 10 6 KG 


PARALLEL 

BUILD 

SINGLE 

PASS 


f/A 



f 






SERPENTINE 
4 PASSES 


MASS =37.2 X 10 6 KG MASS = 5.2 X 10 6 KG 
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3- AND 4- THROUGH SATELLITES 
WITH CENTER MOUNTED ANTENNA 


The center mounted antenna is shown for the same trough configurations 
displayed on the previous chart. The difference in satellite mass for these 
configurations as compared to the end— mounted versions is largely attributable 
to power distribution. (Parallel build, single pass construction was selected 
for these configurations since the complexity associated with serpentine build 
of a center-mounted antenna configuration appeared to be excessive.) 

From a constructability standpoint the 3-trough satellite is more desirable 
than the 4-trough configuration because the SCB is narrower, of lower mass, and 
requires a smaller crew size. 


I 

f 







SATELLITE 

CONFIGURATION 


SCB 

CONFIGURATION 


CONSTR 

CONCEPT 


SINGLE 

PASS 


MASS =34.6 X 10° KG 


MASS 


SINGLE 

PASS 


MASS =6.5 X 10° KG 
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3- AND 4-TROUGH SATELLITES WITH CENTER MOUNTED ANTENNA 



SCENARIO FOR 

SERPENTINE CONSTRUCTION OF A 
COPLANA R SATELL ITE 
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CONSTRUCTION OVERVIEW 


This scenario overview shows the primary ooeraMnn. ™ < 

support satellite construction Tnin.ii Y ° perations required to 
delivered to LEO bv HILV’c a c ^ * construct i°n material is 

IOTV's. The E 0 “'e !t“o ■**'• »y the 

transferred to the satellite con^r n f * cargo * whicl * is similarly 
and their chemically propelled FOTV's arri^In 

the stages are ma^ed Th*» patv'c via HLLV s, where 

- uith th * ir 


Down cargo is transferred to LEO hu rnTu'e T ,, 

POTVs returning fro* CEO are tra^e^o™^ *"* 



CONSTRUCTION OVERVIEW 
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t roughs ^each^t COn ‘ tr “«lon concep, 

s 

• The primary structural m( A h dla gonal structural h beams - Reflector 

and cross beams util?,? 1 members are 50 m trih? beams to Provide a PR 

— - p— , Ssp'szzx 

continuous member. 
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SATELLITE CONSTRUCTION BASE (SCB) 
(SERPENTINE CONSTRUCTION) 


The translation platform is shown here with the construction facility 
attached to the tracks, (l8) by the three translating carriages. The plat- 
form consista^pf three sections attached to one another by means of sliding 
guideways, Q7) which permit lateral relative movement during the reposition- 
ing operations as shown on the bottom figure and as described in other charts. 
The elevating frame attach fittings, (l4) , are used to secure the platform to 
the partially completed satellite and Eo thus permit movement of the construc- 
tion facility relative to the satellite. 

(The callouts indicated by the circled numbers are identified on the following 
chart) 
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INTEGRATED FABRICATION FIXTURE 


The fixture shown is for the serpentine construction concept. This entails 
beam fabrication from each side of the fixture as shown, for example by the 
duplicate sets of longeron beam fabricatcis, denoted by (8A) and (8B) . In 
addition to fabricators for the basic satellite structure, fabricators for the 
antenna frame are shown (&E) . The concept for building the antenna frame a 
half at a time will be sequently covered. Antenna RF elements are installed 
from the two assembly and installation stations, U.5) . Crew, power, warehousing 
and receiving facilities are grouped on the centraiportion of the fixture, indicat 
ed by (2J through (Vj . The rotating joint assembly fixture, (10) , is located in 

the triangle formedby the two left diagonals. 

The fixture is mounted on a platform in tracks which provide for transverse 
and longitudinal movement. The movement is effected by means of 3 translation 
carriages, (12) , which are attached to tracks in the platform, shown in the 
last chart. 




INTEGRATED FABRICATION FACILITY 

(SERPENTINE CONSTRUCTION) 
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(1) CONSTRUCTION FIXTURE 

(2) main SUPPORT FACILITIES & EQUIPMENT 
( J ) WAREHOUSE 

@ CARGO RECEIVING 
@ POT V DOCKING 

(J) SOLAR BLANKET & PDS INST STATION 
( 7 a) 2 REFLECTOR INSTALLATION STATIONS ON UNDERSIDE l+XI 
^ OF DIAGONAL 

(7Bj) 2 REFLECTOR INSTALLATION STATIONS, ONE EACH ON 
W «Y g, -Y SIDE OF DIAGONAL BRACE 

(I) BEAM FAB/INST WORK STATIONS 

(8A) LONGERON TRIBEAM FABRICATORS, ♦Y 13 PLACES IS PLACES FOR TROUGH 111 
(gi) LONGERON TRIBEAM FABRICATORS, -Y 13 PLACES 15 PLACES FOR TROUGH II) 
(8C) DIAGONAL TRIBEAM FABRICATORS, (2 PLACES (3 PLACES FOR TROUGH 1)1 
@ TRANSVERSE BEAM FABRICATORS (3 PLACES) 

ANTENNA FRAME TRIBEAM FABRICATORS 16 PLACES) 

C 9 ) INTRABASE LOGISTICS VEHICLES 


TlO) ROTATING JOINT ASSEMBLY FIXTURE 
(IT) ANTENNA FRAME FAB FIXTURE 
dl^ LOWER HALF 
^ UPPER HALF 

(12^ CONSTRUCTION FIXTURE TRANSLATION CARRIAGE (3 PLACES) 

(j?) TRANSLATION PLATFORM 
13A SECTION A 
(fid SECTION B 
($3& CECTION C 

14 ELEVATING FRAME ATTACH FITTING (18 PLACES) 

0) RF ASSY & INST STATION (2 PLACES) 

(16) ANTENNA TRANSLATION GUI DEWAYS (2 PLACES) 

(g PLATFORM SLIDING GUI DEWAYS (2 PLACES) 

(0 FACILITY TRAVELWAY 
(g INTEGRATED FABRICATION FACILITY 


Satellite Systems Division 
Space Systems Group 




Rockwell 

International 


ICO 


98PD131789 




201 



141120 KG 
80000 
115200 


SC B MASS SUMMARY 
(SERPENTINE CONCEPT 


TRIBEAM FABRICATORS 
REFLECTOR INST. EQUIPMENT 
SOLAR BLANKET DISPENSORS 
(INCL. CABLE & CATENARIES) 


FIXTURE STRUCTURE 

TRANSLATING PLATFORM 

RF ASSY/INSTLN. STATIONS 

LOG. VEHICLES AND MANNED MANIPULATORS 


819000 

1412000 

160000 

198000 


HABITAT AND POWER SUPPLY 


TOTAL 

TOTAL (INC. 25% GROWTH) 


1222000 
4152320 KG 
5190000 KG 
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CONSTRUCTION SCHEDULE 
ION WEB ANTENNA) 
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Nth SATELLITE (SERPENTINE CONSTRUCTION) SCHEDULE 


This timeline differs from the one previously shown for the 4-trough 
configuration, primarily in antenna construction, where the space frame 
antenna replaces the tension web version. Additional time must be provided 
for antenna construction, since the antenna is composed of a beam type 
primary structure, fabricated by gantry-mounted beam fabricators. This 
structure must then be faced with a secondary structure upon which the RF 
elements will be mounted. This additional step delays the antenna RF 
installation task and results in the overall antenna construction being 
the pacing item. 

However, since antenna RF installation is conducted in parallel with 
construction of the fourth trough, the overall schedule of 180 days is not 
impacted. The timeline also requires relocation of the time allocated to 
mechanical module assembly. Although the total allocated time is the same 
as in the previous timeline, the activity is conducted prior to construction 
of the antenna and consists of assembling modules for the Nth satellite only 



Nth SATELLITE SERPENTINE CONSTRUCTION SCHEDULE 

(END MOUNTED SPACE FRAME ANTENNA) 


CONSTRUCTION OPERATIONS 


CONSTRUCTION BASE PREPARATION 

TROUGH 1 

SCB TRANSLATE 

TROUGH 2 

ROTAP.Y JOINT 

SCB TRANSLATE 

TROUGH 3 

ANTENNA YOKE INSTALLATION 

ANTENNA PRIMARY STRUCTURE 

ANTENNA SECONDARY STRUCTURE 

RF MECH MODULE ASSY 

ANTENNA RF ELEMENTS 

SCB TRANSLATE 

TROUGH 4 

SATELLITE C/O 

SECURE & TRANSFER SCB 


CONSTRUCTION TIME - DAYS 
50 80 100 150 180 
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TROUGH 1 CONSTRUCTION 


Five tribeam fabricators for making 

hand view on the chart. All five are use ^ fabricators (1, 2, 3) are required. 

In constructing the remaining troug the entire length of the satellite. Only 

The longerons are continuous members making the cross beams except for the 

four tribeam fabricators are re ^ e beams are continuous for their respective 

first pass which requires six- troug hs the initial frame is constructed 

lengths. In making the s ° la * ^° n Th longerons are then fabricated away from 

using the fixture as the tooling jig-™ . 8 As they move ou t, the solar blankets, 

the face of the SCB moving the frame with hem. As tney^ are dispensed . 

reflectors, power feeders and other el ® m ® n fabricati0 n in the longitudinal direction 
At the completion of the length of eac ^ b fabricated during construc- 

is stopped, the beams for the next rtl longerons and the solar blankets 
tion of the longerons) are connected th e bay. 

and reflectors are tensioned between tne 

f i Yfurp assembly &nd 21 II SCB facilities* 

The translating platform supports t longitudinal direction but can 

It is designed to nrve with the rest of the SCB in the at the end of each 

also be locked to the completed 8tt “J“ e J k on the platform which permit movement 
trough. The fixture assembly 1. ■ mooted ?be platform extends 775 m wider than 

of the fixture both laterally and lo g d> ' ^ ter t £ e last frame of trough 1 is 

the structure of the troug eing r i an , oed to the longerons of trough 1. The fixture 

completed the translation platform is P direction to clear the last frame, then 

assembly is first translated in the longitudinal direction to 2 It is then translated 

translated laterally to be in line for for fabrication of the 

i4“he°firs, 

of rtsr- ” ith r “ pect to the 


f vf nro 




TRANSLATION PLATFORM 
TRIBEAM FABRICATORS 
CONSTRUCTION FIXTURE 


1ST PASS 

CONSTRUCT FI RST SOLAR CONVERTER TROUGH: 

FABRICATE STRUCTURE < 

INSTALL SOLAR ARRAY BLANKETS 

INSTALL POWER DISTRIBUTION SYSTEM. AND CONTROL EQUIPMENT 
INSTALL REFLECTORS 


2075M 

SATELLITE CONSTRUCTION BASE <SCB> 


2 j CONSTRUCTION FIXTURE TRANSLATED TO 
POSITION FOR 2ND PASS 


COMPLETED SOLAR 
CONVERTER TROUGH 
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TROUGH 2 AND MW ANTENNA FRAME CONSTRUCTION 


and construction c Ite^T C °^^n 

fabrication of the antenna on the -Y face while rlt * desi Z™* for simultaneous 
from the +Y face. The SCB geometry and the se oond trough is being fabricated 

verter portion of the satellite make it necessar^that' f £° nstruction of the solar con- 
installations be completed prior to startln * H antenna and rotary joint 

rotary joint can be a'ssemble’d and chicS oJt ind^Tn \ ° f ^ third trou S h * The 
jig any time during construcation of the first two trfu^ * °? th * Special circular 
is initiated simultaneously with start of cnnltl ^ ^ Antenna frame fabrication 

of the RF elements is started as soon as the ten^ ° f . trou 8 h N °- 2. Installation 

Fabrication of the «tLS t ^kI 8 «S^SrJ h Jo2S"JSn!2f : l " 8tall ! ti ° n * s completed. ° n 
after completion of trough No 2 since t-hL J standoff support structure occurs 
the construction fixture! ° S6 ° perations Cake place on the +Y side of 


to the middle view on the^hart^thriower ^ ^^hal^ ^ ant6nna frame * Referring 

first using the part of the fixture indicated h . P ° r lon the frame is fabricated 
frame is closed out across tL too with the f 7 6 ^ dashed lines * ™is half- 

for stabilization during the remainder of theT^M 5 °“ m tribeam tie bar indicated 

part o, the future, end the tvo-half" re“L2 ““ 


The lower right-hand view shows that the SCR nrn «^ c 
the antenna in the X-Z plane. The position of the*^ ^ ^ up-down translation of 

plane of the base of the translating platform to the X ^ola* Va f la ? le from the X ' Y 

frame of the construction fixture. This Dermirc: < . ,7 P lane of the upper cross 

installation of the RF mechanical modules^* * nstall ation of the tension web, 

RF assembly and installation facility antin Uppar-half installed from the upper 

facility), and alignment inStalled ^om the lowerV 

checkout of the subarrays and mechanical moduli ^ ^ ‘ JOlnt ' Asse "> bl y and 

facilities. modules is also accomplished at the RF 



TROUGH 2 AND MW ANTENNA CONSTRUCTION & RF INSTALLATION 


I 

M 



TEMPORARY TIE BAR 
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UPPER ELEVATION & PLAN VIEWS ^ kf 

MW ANTENNA FRAME CONSTRUCTION (UTILIZING CONSTRUCTION FIXTURE) 
FABRICATE ONE-HALF OF FRAME AND CLOSE OUT WITH 
TEMPORARY TIEBARI80M GIRDERl 
TRANSLATE HALF FRAME TO LOWER POSITION 
CONSTRUCT UPPER HALF OF FRAME AND JOIN TO LOWER HALF 
INSTALL TENSION VVEB 


TEMPORARY 
TIE BAR , 


LOWER ELEVATION VIEW FA 

ANTENNA RF ELEMENTS ASSEMBLY AND INSTALLATION (RF ASSEMBLY/ 
INSTALLATION FACILITY LOCATED ON SPS CONSTRUCTION BASEl 
ASSEMBLE AND C/0 SUBARRAY 

ASSEMBLE AND C/0 MECHANICAL MODULES AND PWR DISTR ELEMENTS 
INSTALL MECHANICAL MODULES AND PO/*R DISTRIBUTION 
SYSTEM Oft ANTENNA TO, SION WEB 


RF ASSY/INSTL'N 
FAC (LOWER) 


. ANTENNA FRAME UPPER HALF 

. RF ASSEMBLY/INSTALLATION 
y FACILITYIUPPER) 


TENSION WEB AND ATTACH CATENARY 
SHEET 2 OF 6 


SATELLITE CONSTRUCTION BASE 


ANTENNA FRA/WE LOV*R HALF 


78PD130859 


^3 2ND PASS 
V CONSTRUCT SECOND SOUR CONVERTER TROUGH 

^ CONSTRUCT MW ANTENNA STRUCTURE AND SLIP RING ASSEMBLY 

l v ASSEMBLE AND INSTALL ANTENNA RF ELEMENTS 


CONSTRUCTION FIXTURE 




fc iu 


* 


ANTENNA ROTARY JOINT AND YOKE CONSTRUCTION 


Upon completion of trough No. 2 the slip ring supports and antenna yoke 
shown on the chart are fabricated using one of the available 50-m tribeam 
fabricators. The slip ring supports are joined to the solar converter struc- 
ture and the slip-ring is removed from its jig and installed on the supports. 
The base of the antenna yoke is fabricated parallel to the translating base, 
the antenna is translated to be centered in the projection of the base, and 
the trunnion support arms are built out in the -Y direction to pass through 
extensions of the antenna center line on which the trunnions are located. 
Guideways are provided along the trunnion support arms which engage the 
trunnions as the support arms are fabricated outward. The translation plat- 
form is used to move the center line of the antenna/yoke coincident with the 
center line of the rotary joint and the yoke is attached to the rotary joint. 




SUP RING SUPPORT 

STRUCTURE 


SUP RU*G 
ASSEMBLY 


5 SUPRING SUPPORT STRUCTURE INSTALLED 


ANTENNA CENTER TRANSLATED TO BE COINCIDENT AITH SUPRING 
CENTER VIA TRANSLATION PLATFORM 

TRUNNION SUPPORT BASE PLATFORM FABRICATED ONTO OUTER SLIPRING 


ANTENNA ROTARY JOINT & YOKE CONSTRUCTION 
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TRUNNION SUPPORT ARMS BUILT OUT FROM EASE PLATFORM 
3 RACING STRUCT. FOR TSA ADDED 

CRAWLER SYSTEM INSTALLED ON TEMPORARY ANTENNA FRAME TIEBAR 




ANTENNA MOUNTING AND ROTATION 


Referring to the chart a crawler system installed on the temporary tie 
bar is used to translate the antenna along the trunnion guideways to its 
gimble plane. The gimbles are secured, azimuth control elements are instai e 
and electrical power, information management and control system connections 
are made utilizing the crawler system. Since the slip ring and yoke base are 
necessarily constructed on opposite sides of the construction fixture it is 
necessary to rotate the slip ring and antenna assembly 120 as shown to 
release the construction base. The construction base is then translated 
into position to start construction of trough No. 3 (see next chart) th ™ugh 
a series of operations similar to those described for moving from trough ..o. 1 



ANTENNA MOUNTING & ROTATION 


ANTENNA TRANSLATED TO GIMBAL PUNE VIA 
CRAWLER SYSTEM ON TIE GIRDER 
GIMBAL PICKUP ASSY ADDED 
ANTENNA SECURED TO TRUNNION SUPPORT ARMS 


ANTENNA TRUNNION ARMS ROTATED 120° 
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SCB TRANSLATION FOR TROUGH 3 CONSTRUCTION 


The completed antenna installation is shown. At this time the temporary 
tie bar is removed from the antenna frame and Installed in the guidevays of 
the trunnion support arms to become the permanent antenna maintenance platform. 
Translation of the platform along the guidevays, together with the crawler 
system which transverses its length, provides access to the entire antenna 
surface. The platform is stored at the base of the yoke during normal 
satellite operation. 

Construction of troughs No. 3 and No. 4 is identical to construction of 
No's 1 and 2. The completed satellite has been shown previously. After check- 
ing out the satellite the SCB is secured and flown away to the site for 
construction of the next satellite. 




SCB TRANSLATION FOR TROUGH 3 CONSTRUCTION 


TEMPORARY TIEBAR TRANSFERRED FROM ANTENNA STRUCT! IBF 

esst s( ' ppor ' pkom£s 

FABRICATION FACILITY TRANSLATES TO NEW POSITION START OF PASS 3 
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COMPLETED SATELLITE 


This chart shows the c-pUtjd Si ^Is^lite 

rjrr^rtra^^ut. Nation Tor construction 
of that satellite. 
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GaAs SOLAR CELLS 
CR =2 


5250M (1300 x 4) +50 


13600M (850M X 16; +50 


1300M 


1700M 


YOKE 


COMPLETED SATELLITE 


850M 

l 


SOLAR CONVERTER 
SECTION 


ANTENNA 


SATELLITE 

CONSTRUCTION 
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CREW SIZE - SERPENTINE CONSTRUCTION 


The time-phased crew size for the serpentine construction concept and the 
180 day construction schedule previously described is given here. The crew size 
remains constant during the first 164 days of the construction period at which 
time the operational maintenance crew (24 members total) arrives on board for 
their first 90 day tour of duty; during the last 15 days of the construction 
period the support test and checkout of satellite. Note that the size of the 
crew is not affected by the number of troughs in the satellite; i.e., a 3- 
trough satellite would also require a crew size of 264; the required construc- 
tion time would remain (essentially) the same (180 days) providing the total 
solar converter area is constant. 


220 


CREW SIZE 

SERPENTINE CONSTRUCTION 


OPERATIONS 


CONSTRUCTION CREW 

SOLAR CONVERTER CONSTR. 
ANTENNA RF ASSY/INSTLN 
CONSTRUCTION SUPPORT 
MAINTENANCE 
BASE MGMT 
CREW SUPPORT 


TOTAL SHIFT SIZE 


TOTAL CREW - 4 SHIFTS 


OPERATIONAL MAINTENANCE CREW 


TOTAL CREW ON-BOARD 


NO. OF CREW MEMBERS 

SHIFT SIZE 

DAY 1-165 I DAY 166-180 
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SATELLITE DESCRIPTION 
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COPLAN AR SPS TROUGH CONFIGURATION 


The trough configuration for the coplanar satellite with a ro o 

rd-riib 

however, th. views shown on thTchart 
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COPLANER TROUGH CONI 

(REPRESENT AT 


GaAs SOLAR CELLS 
CR = 2 


24 SOLAR BLANKET 
STRIPS/BAY 
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CONSTRUCTION OVERVIEW 


•uppoJ^Ltlm^ 0 ° vervie " =h°"s the primary operate 
delivered to LK by conjt""^ 2S3 i‘° 

IOTV ' s . The EOTV's Lnsitto «"«1, to 

llTrl eTred t0 the sat ellite constructing Car8 °* Which ls similarly 
the st £lr Chemicall y Propelled POTV's arrive 36 ’ S?® const ruction crew 



I 






SINGLE PASS 

COPLANAR SATELLITE CONSTRUCTION 


This demonstrates the single pass technique. The SCB is on the left 
end working its way towards completion of wing No. 2. Construction started 
with the first (right-hand) frame of wing No. 1, constructed the structure 
and installed the solar converter elements of that wing as it went, and 
constructed the center section structure including the antenna support 
structure before moving on to wing No. 2. A separate gantry constructs 
the antenna structure and installs the RF mechanical modules while wing 
No. 2 is being constructed. RF subarrays and mechanical modules are 
assembled in parallel with wing construction operations. 
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COPLAN AR BASELINE SCB 


The satellite construction base (SCB) for producing the three trough, 
center-mounted antenna is shown. The SCB consists basically of three trough 
fixtures used for simultaneous construction of the three troughs, and a 
center fixture to fabricate both the rotary joint and the structure which 
connects the two wings and provides support for the rotary joint. 

The solar blankets are installed by means of .dispensers which are 
located along thp^bottoms i_of the lower troughs, (36) - (40) , and the elevated 
trough section (38) and (39^) (where a short section of elevated solar blanket 
is required because of interference created by the extension of the center 
connecting structure into each wing). 

The reflector dispensers are located on the diagonals of each trough as 
designated by (4l) - (43) . 

The crew habitat, power modules, warehousing and docking facilities, '44 
are located at the top of the SCB center structure. ^ 
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COPLANAR BASELINE CONSTRUCTION BASE 
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COPLANAR BASELINE CONSTRUCTION BA$E 
PERSPECTIVE 


EQUIPMENT & LOCATION DESCRIPTIONS 

(2) LONGITUDINAL tri beam fabricators 
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SC B MASS SUMMARY 
(3 TROUGH - SINGLE PASS) 



TRIBEAM FABRICATORS 
REFLECTOR INST. EQUIPMENT 
SOLAR BLANKET DISPENSORS 
(INC CABLES & CATENARIES) 


166000 KG 
120000 
187000 


473000 


t- 




microwave antenna 

FABRICATION FIXTURE 
LOGISTICS VEHICLES & 


MANNED MANIPULATORS 


409000 KG 
1499000 
252000 
2160000 






habitat and power supply 


TOTAL 


TOTAL (INC. 25% GROWTH) 


1617000 
4250000 KG 
5312000 KG 


£•*</ 
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SATELLITE CONSTRUCTION SCHEDULE 
(3-TROUGH, SINGLE PASS, SPACE FRAME ANTENNA) 


A single integrated construction facility builds the structure, installs the solar blankets, 
the reflectors, the power distribution system and other subsystem elements located in the wings. 

Construction starts with one wing tip and progresses toward the center section where the rotating 
joint for the MW antenna is to be located, and hence continues outboard building wing No. 2 and 
terminating at the wing tip. 

The first eight days are designated for preparation of the construction facility, including 
distribution and installation into dispensers of material (e.g., structure cassettes, solar blankets, 
etc.) required to commence construction. During this time satellite materials are arriving from 
LEO daily with delivery scheduled for completion by the 135th day. 

Each satellite wing consists of 10 bays 850— m long. These are constructed at the rate of one 
every two days using three 8-hour shifts per day. The structure and installation of the power con- 
version system of wing No. 1 is completed on the 28th day. The center primary structure, rotary 
joints, antenna support masts, antenna gantry support frame are fabricated during the succeeding 
20 days. Utilizing the antenna gantry the antenna primary structure is fabricated in place and its 
secondary structure installed over the 30-day period from day 46 through day 66. Wing 2 is fabricat- 
ed over the next 20 day period, completion being on day 86. 

Assembly of the RF elements (klystrons and MW radiator panels) into subarrays and mechanical 
modules for this satellite was initiated on the 145th day of construction of the previous satellite 
and is continued up through day 86 here. 

On the 90th day the initial crew's tour is complete. Additionally the structures and solar con- 
verter construction has been completed so that only the antenna installation crew is replaced for the 
basic construction activities during the second 90 day tour. 

f— ’ 

Installation of the mechanical modules onto the antenna structure commences on the 90th day and I 

continues through the 150th day. At that time the maintenance crew arrives and supports satellite 

checkout, secure, and SCB transfer operations during the last 30 days of the construction schedule. t— 

On the 180th day the construction crew members are returned to earth. 

The potential exists for shortening this schedule by increasing the crew size to conduct some 
of the operations in parallel. 
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SATELLITE CONSTRUCTION SCHEDULE 

(3-TROUGH, CENTER ANTENNA, SINGLE PASS, SPACE FRAME ANTENNA, 




OPERATION 


CONSTRUCTION BASE PREPARATION 
FIRST WING (10 BAYS} 

ROTARY JOINT & ANTENNA FRAME 
ANTENNA primary structure 
antenna secondary structure 
SECOND WING (10 BAYS) 

ANTENNA RF ELEMENTS INSTALLATION 
RF MECHANICAL MODULE ASSEMBLY 

SATELLITE C/O 
SECURE & TRANSFER SCB 
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major satellite construction elements 



STRUCTURE 


SOLAR CONVERTER 


MW ANTENNA 


( 2 M BEAMS 

' INTORATCO ' FRAMES & LONGERONS 
) ACS 

V CENTER STRUCTURE 


( BLANKETS 
) REFLECTORS 
\ CONDUCTORS 
I DATA MGMT & CONTROLS 


( RCR PANELS 
\ KLYSTRONS 

/ MECH modules 

) CONDUCTORS 
{ DATA MGMT & CONTROLS 



Satellite Systems Division 
Space Systems Group 


A Rockwell 

International 


241 


68PD130693X 



CARGO PACKAGING 


These package configurations, sizes and specified quantities required for 
the construction of each satellite are designed for compatibility with the 
satellite construction concept and construction equipment. Three primary 
structure cassettes simultaneously feed each beam machine to produce the basic 
2-meter triangular beam elements used in construction of the 50 meter girders. 
All cassettes contain sufficient length of material to complete one-half of 
the satellite structure, thus requiring replacement only once during satellite 
construction. 

Each solar blanket roll is 750 m long - the length required for one bay. 
For a 650 m wide blanket, 26 of these 25 m wide rolls are mounted side by side 
in the blanket layer and deployed simultaneously. 
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CARGO PACKAGING 


ELEMENT PACKAGING 


PACKAGE DIMENSIONS 


NO. 

REQUIRED 



REFLECTORS 


ROLLS OF 
FABRIC-HINGED 
ALUMINIZED 
KAPTON SHEET 


SUB ARRAYS 
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6 DIFFERENT 
TAPE LENGTHS 
2500 KG AVE MASS 


750 M LENGTH/ROLL 
7136 KG/ROLL 


600 M L 

(typ) frj 

'CL 


25 M 


32 "HINGED" 
PANELS 


,12,780 KG/ROLL 


• ALL SUBARRAYS HAVE 
SAME OVERALL DIMENSIONS 

• 10 DIFFERENT POWER MODULE 
SIZES - QUANTITY VARIES WITH SIZE 


SUBARRAY MASS (AVE) =716 KG 
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PRIMARY STRUCTURE EVOLUTION 

building bloclTfor the b satelUte C st ^ **** machine is the basic 

in the chart. The \ ' L “* ""“nation is shown 

the satellite anh is ° £ 
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BEAM MACHINE 


This is a beam machine for malting the basic 2-m triangular shaped beams 
out of aluminum material. The configuration and operation of a machine for 
making these beams from graphite-fiber composite material will have many 
similarities to this machine. Each tribeam fabricator requires six beam 
machines to produce a 50-m tribeam. 

Following is a description of the operation of this machine in making 
aluminum beams: 

This machine provides continuous fabrication of the basic 2-m beam elements. 
Prepunched material transported in cassettes to a structural fabrication facility 
(to be discussed) and then installed on the supply end of a beam machine. The 
material in each cassette is automatically threaded into and through the beam 
machine. Initially, the sheet material enters a shear station where the material 
rolls are longitudinally indexed. The material next passes into a hole-flanging 
and struct-forming station. On entry to this station, rolls turn up a small edge 
which, when passing through the beam fabricator, maintains a cross-load on the 
sheet when flanged and breake-f ormed to prevent loss of flat pattern width control. 
The material then progresses through longitudinal roll forms and is guided through 
the ribbon cross-over station into a roll seam welder used in a spaced spot-weld 
mode. The assembled sheet metal element next passes through the prestressing and 
alignment station where three sheet-metal shrinking-heads shorten and thicken the 
ribbon cross— braces. Tension— sensing elements control the operation on the basis 
of preload and alignment requirements fed into the machine from a central computer. 
The finished triangular shape exits the beam fabricator via a truss-rigging station. 
Here cable connections, quick-connects, and fittings are installed, when required, 
that permit the next higher level of assembly by automatic means. Six beam machines 
are required to produce one 50—meter triangular truss. 


246 








BEAM MACHINE 


ALL TOOL STATION MACHINES INDIVIDUALLY REPLACEABLE 
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TRIBEAM FABRICATOR 


A housing concept for containment of the six beam machines required 
to fabricate a 50-meter tribeam is shown. The structure of the tribeam 
complex would be constructed by beam machines using a more substantial 
metal thickness, e.g., -60 mil material. Two tribeam complex lengths 
are indicated on the left side of the figure. The 160— meter length 
would be employed for the longitudinal tribeam builders. The added 
length is used for machine "travel" in the event of malfunction, and 
an operating rate of 2 meters per minute would allow up to 40-minutes 
for machine repair before committing to an unscheduled facility shutdown 
Since the satellite structural cross-frames are attached to the longitu- 
dinals only during scheduled shutdown periods, they need not be designed 
for "travel" margins. 
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FREE FLYING LOGISTICS VEHICLE (LV) 


This perspective shows the LV in both the undocked and docked 
position. In the docked view, the manned module is in the process 
of removing an empty cassette for stowage on the platform prior to 
replacing it with a full cassette. The cassette is being removed 
from a transverse beam machine which has been rotated and translated 
into servicing position. The tracks to which the docking platform 
is attached are designed to permit travel to all three corners of 
the tribeam fabricator. 



FREE FLYING LOGISTICS VEHICLE (LV) 



TRIBEAM 

FABRICATOR 


TRANSVERSE 
BEAM MACHINE 
IN LOADING 
POSITION ^ 
(TYP 3 PLCS) 


LONGITUDINAL 
BEAM MACHINE 
(TYP. 3 PLCS) , 


MANNED 

MODULE 


DOCKED 

LOGISTICS 
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UNDOCKED 
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MAGNETIC 

DOCKING 
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TRIBEAM FABRICATOR SERVICING CONCEPT 


There are 33 tribeam fabricators utilized for satellite construction. These 
fabricators are installed in 14 general locations. Each fabricator must be loaded 
with 18 aluminum cassettes (3 per each of 6 beam machines) twice to support con- 
struction of one satellite, since the cassettes are sized to provide material .or 
one wing only. The cassettes are transported from the warehouse area of the SC 
to the various locations. This can be done either by a vehicle traveling on tracks 
or cables, or by a free flier. The network of tracks (or cables) which would be 
required for servicing the various locations from the warehouse area is complex 
and involves numerous changes of direction, some of which would be difficult to 
traverse. For these reasons, the free flying mode was selected. The concept con- 
sists of a chemically propelled and stabilized manned logistics vehicle (LV) capable 
of transporting 18 cassettes. The cassettes are attached to a conveyor on a detach- 
able flatbed, which permits preparation of one load while the other is being delivered 
The loaded LV docks on a track-mounted magnetic docking pad located at the rear of the 
fabricator. The tracks traverse the three sides of the fabricator, thus providing 
access by the LV to the six beam machines. Each empty cassette, mounted in a swivel 
hub and secured at the other end by a yoke arrangement, is removed and replaced by a 
full cassette. It is noted that the beam machines which construct the cross Deams 
rotate and translate into position parallel to the longitudinal machines to facilitate 
unloading and loading. 


The initial loading operation is conducted during preparation of the SCB for the 
next satellite construction. The second operation is conducted following completion 
of the first wing. Sufficient LV's are available to permit accomplishment of the 
b hour operation at the various stations within the overall construction time line. 

LV propellant requirements are minimal, amounting to approximately 850 kg per sortie. 







TRI BEAM FABRICATOR SERVICING CONCEPT 
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TRIBEAM FABRICATOR (TBF) SERVICING TIMELINE 


for servicing each TBF; however, servicing is required o y 
construction of a satellite with aluminum primary structure. 




TRIBEAM fabricator (TBF) servicing 

TIMELINE 

load logistics vehicle (LV) at warehouse 


depart warehouse for fabricator, dock. 

0.5 

CONNECT LV TO TBF CONTROL BOX 

0.1 

POSITION BEAM MACHINES 

0.1 

POSITION LV (3 TIMES @0.1 EACH) 

0.3 

UNLOAD/LOAD CASSETTES (6 LOCATIONS) 

6.0 

UNLOAD/LOAD FITTING MAGAZINE 

0.4 
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SOLAR CONVERTER CONSTRUCTION 
(Structures, Solar Blankets and Reflectors) 


The perspective drawing illustrates the near-completion of the first three 
800-meter "bays" in the lower corner of the satellite with a section of the out- 
side reflector panels cutaway. It can be seen that the solar blankets are laid 
out in horizontal strips but that the reflector panels are vertically oriented. 
The structure of an 800-meter bay is estimated to take one 8-hour shift to 
fabricate. During this time, the solar blankets are "played out" - from 25-meter 
rolls - and edge-attached to longitudinal lines of composite materials; the 
reflectors are refurled (to be shown later) and also loosely constrained by 
vertical lines. Upon reaching the end of a bay, the construction facility is 
stopped and, during the next five 8-hour shifts, the cross frame members are 
attached, the solar blankets are secured and the reflector panels are tensioned. 
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SOLAR CONVERTER CONSTRUCTION 

(STRUCTURES, SOLAR BLANKET & REFLECTORS) 
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REFLECTOR PACKAGING & INSTALLATION 
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EQUIPMENT AND LOCATION DESCRIPTIONS 
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BLANKET-EDGE-TO-CABLE ATTACH MACHINE 
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EQUIPMENT AND LOCATION DESCRIPTIONS (CONT. ) 


© RETRACTING PLATFORM FOR SWITCH GEAR AND SECONDARY 
FEEDER INSTALLATION 

© MAIN FEEDER DISPENSER 
© CONSTRUCTION FIXTURE 

© TRANSVERSE CATENARY-TO-CROSS BEAM ATTACH MACHINE IN 
ATTACH POSITION; 26A NON-ATTACH POSITION 

© LONGITUDINAL CATENARY-TO-LONGERON ATTACH MACHINE IN 
ATTACH POSITION; 27A NON-ATTACH POSITION 

© ATTACH EQUIPMENT TRANSLATING SUPPORT ARM 
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FABRICATION POSITION 
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solar blan-ket station plan 


This is a (partial) plan view of the upper deck solar blanket 
installation station. It snows the transporter/loader in position 
to service a dispenser. The dispensers are staggered to prevent 
interference between adjacent stations. 

A leading edge and trailing edge catenary is shown in 
the right portion of the chart. A single 50 m wide catenary connects 
each two blanket strips to the cross beam. The longitudinal catenary 
which provides attachment and tensioning to the longerons also is shown. 
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BLANKET INSTALLATION STATION PLAN 












MANNED operations at solar blanket 

INSTALLATION STATIONS 


The primary operations occurring 

ieck stations during beam fa rx manned manipulator modules (MMM) 
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MANNED OPERATIONS AT SOLAR BLANKET INSTALLATION STATIONS 
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INSTALLATION OPERATIONS AT CROSS l \MS 

Upon completion of crossbeam structure fabrication the „i 

Second aSS ® mb J iES and DM&C equipment are the first items to be installed?’ 
lmtlon j? e * ers and thelr insulation mounts are included in this instal- 
tion for alternate crossbeams. The SB trailing edge catenaries and 

inland cl cable tensioning ties are then attached, followed by tension- 

FnflnC? of the transverse catenaries and longitudinal cables, 

llowing this operation, the leading edges of the SR t-rane 




INSTALLATION OPERATIONS AT CROSSBEAMS 
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CATENARY 

@ CATENARY-TO-SOLAR-BLANKET 
TENSION TIES 
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INSTALLATION OPERATIONS AT CROSSBEAMS 


d 


HOURS 

8 


1 ? 


16 


INSTALL & ATTACH HARDWARE I 
• SADDLES • INSULATION MOUNTS' 

« SWITCHGEAR • D&C BUS 
• SM/RAC ASSYS • SEC. FEEDERS* 

• TENSION CABLES 


ATTACH & TENSION SOLAR ARRAY BLANKETS 1 

• TR. EDGE OF DEPLOYED BLANKET TO CROSSBEAM LEAD. EDGE 
» TR. EDGE CATENARY - TENSION & CLAMP 
• SB CABLES - TENSION & CLAMP 
• THREAD SA BLANKET 

• LEAD. EDGE OF NEXT BLANKET TO CROSSBEAM TRAIL. EDGE 


ELECTRICAI INSTALLATION AND CONNECTION 
• SB PWR LEAD CONNECTORS TO SWITCH GEAR 
t SWITCH GEAR TO SECONDARY FEEDER* 

• SECONDARY FEEDER TO MAIN FEEDER" 

• DM&C CONNECTORS TO SM/RAC ASSY'S 
• SM/RAC ASSY'S TO D&C BUS 


C/O 

* ALTERNATE CROSS BEAMS 
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SOLAR CONVERTER CONSTRUCTION SEQUENCE 



The major operations required to complete each bay are individually 
timelined by shift and by day. Construction of each bay is a two day 
process. Detailed timelines of the operations which occur at each cross 
beam (i.e., CB N+l) are shown on the next chart. 




SOLAR CONVERTER CONSTRUCTION SEQUENCE 
TYPICAL BAY 


OPERATION 


SHIFT 


CONSTRUCT & INSTALL BAY N 

FAB LONGERONS & DISPENSE SB'S & REFL'S BAY N 

FAB CB N + 1 
BEAM 

END FITTINGS 

ATTACH CB N + 1 TO LONGERONS 
ALIGN STRUCTURE 

RELOAD SOLAR BLNKT & REFL. DISPENSERS 
INSTALL EQUIPMENT, M AKE ATTACHMENTS & TENSION AT CBN + 1 
INSTALL HARDWARE 
ATTACH & TENSION BLANKETS 
INSTALL/CONNECT ELECT ..PWR/DM&C BUSES 
CHECKOUT 
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SOLAR BLANKET TRANSPORT 



nf ,u!“ ty " 8iX solar blanket strips 
of the three troughs. A total of 78 
o the three locations prior to the 
Three logistics vehicles capable of 
and two reflector rolls each travel 
the three installation stations for 
location of the tracks. 


are required for each bay of each 
blanket rolls must be delivered 

° f ‘ he next ba y construction, 
transporting up to 26 blanket rolls 
on tracks between the warehouse and 
this purpose. The chart shows the 


r 








SOLAR BLANKET TRANSPORT AND LOADING TIMELINE 


Eight hours are required to deliver sufficient blanket rolls for 
one bay of installation to their dispensers. Three blanket logistics 
vehicles, each servicing one trough performed this task every two days 
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SOLAR BLANKET 

TRANSPORT AND LOADING TIMELINE 


• LOAD TRANSPORTER AT WAREHOUSE 

t TRANSPORT TO SB INSTALLATION STATION 

• LOAD 26 SB DISPENSERS 15 MIN./DISP.) 

• TRANSPORTER RETURN TO WAREHOUSE 


ON-GOING 

0.7 

6.4 

0.9 

8.0 HRS 


o o 

-r; 'X 
•s O 

§ > 

|5 
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antenna rf elements processing 


By *“ 1S sh °™ 

three stations, with eight men per Sh processin 8 can be handled by 

Ind 6S t OWn ' lD ° rder to utilize all the “t? 6 * 3t the Very nomi ^ 
and mechanical modules for the Nth h f® 6 ava ilable, the subarravs 
Pinion of the antenna, ^ i. Initiated aft" 

Nth satellite as illustrated on ric ?tion of the 2nd wing, of the 

construction schedule. er u art whic h shows the overall 



ANTENNA RF ELEMENTS PROCESSING 



KLYSTRONS 
(120 DAYS) 


3 STATIONS: 16 KLYSTRONS/HR EACH 


6993 

SUBARRAYS 
(120 DAYS) 


□ □ □ □ 3 STATIONS: < 1 SUBARRAY/HR EACH 


777 

MECHANICAL MODULES 
(120 DAYS ASSEMBLY 
60 DAYS INSTALLATION) 


n 


ANTENNA 
(180 DAYS) 


□ 

o 


3 S 

□ u 


3 STATIONS: 

<1 ASSEMBLY/SHIFT EACH 
<2 INSTALLATIONS/SHIFT EACH 
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PLAN VIEW, RF ASSEMBLY STATION 


.L 

L 


>r: 




^ 


At this station the waveguide subarrays are unfolded to their operational 
surface dimensions of approximately llxlO-m and passed through the mechanical 
checkout station and klystron indexing /assembly station, where the klystrons 
are automatically installed. The assembly of subarray and klystrons move to 
the electrical station where the electronic control boxes are installed, 
electrical connections made, and the assembly functionally checked out. Nine 
assemblies of identical configurations are loaded into the elevator magazine 
which transfers them to the mechanical module indexing/assembly crane. This 
tool assembles the subarrays into mechanical modules in the assembly and C/0 
fixture. After assembly and C/0 is completed the mechanical modules are trans- 
ferred to their storage location on the SCB via the mobile mechanical module 
transfer and installation unit. Later these same units retrieve the completed 
modules from the storage area, carry them out onto the installation gantry, 
install them on the antenna structure and checkout the completed installation. 
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PLAN VIEW, RF ASSEMBLY STATION 

(TYPICAL 3 STATIONS) 


MECH C/0 & 
HEAT PIPE 
INSTALL — | 


PANEL 

LOADING 

DEVICE 


UNFOLDING 
& LOCKING 
FIXTURE 
PATTERN 
SCAN 


INDEXING/ASSEMBLY 
OF KLYSTRONS INTO 
SUBARRAY 

LOAD .INTO ELECTRICAL 
9 PANa INSTALL & C/O 
MAGAZINE — i — | I 
(ELEVATOR) ♦ ' 


STATION 


RF PANaS 
HOLDING AREA 
(SEQUENCED 
BUT FOLDED) 


STATION <9> 

TYPICAL RFELEMENTS 
ASSEMBLY, CHECKOUT 
AND ATTACH WORK STATION 
15 PLACES 


MECH. MODULE J 
ASSEMBLY & C/O 
FIXTURE 


5M X 5M X 30M 
PALLET TRANSPORTER 
FROM CENTRAL 
STAGING 


INTERNAL 

CRANEWAY 


KLYSTRON 

TRANSFER 

UNIT 


MAGAZINE HOLDING AREA 
HOLDING 
TRANSFER 


Rockwell 

International 
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elevation, rf assembly station 



to the indeiing^ranfand Us function in ^ C °“ pleted ^arrays 
mechanical module a”Iy a and 1 chefkout tl ?Lt 1 ure? Semblln8 Chen *“ to the 




ELEVATION, RF ASSEMBLY STATION 

(TYPICAL 3 STATIONS) 



1 

LOAD INTO 
9 PANEL 




.SUBARRAY ASSEMBLY 

1 

— - - 

« 

_J 

MAGAZINE 
ELEVATOR) 1 

■ 

1 

— =* flHEB- «=^ 

- .- L m==r 

/ STATION AREA t 

i 1 n 1 



MECH MOD. 
TRANSFER/ 
INSTL UNIT 

' SN 

n ^ 


INTERNAL' 

CRANEWAY 


'INDEXING/ASSEMBLY 
CRANE WITH TOOLING 
FOR MECH & ELECTRICAL 
ASSY OF S’JBARRAY INTO 
MECH MODULE (9 SUBARRAYS) 
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„ echanlcal 

Jig. installing a subarray in" 6X u S the ma 8 az *ne to each of 9 6 transfer a nd instal- 
for mechanical module integritv 3Ch ’ automa tically making the cn^ 10118 ° f an assembly 

— , electrIcal =OM . ctl «- frs . ^ £j.s= 2 2 raj 
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MECHANICAL MODULE ASSEMBLY & INSTALLATION STATION 

(PARTIAL FRONT FACE VIEW OF RF ASSY FACILITY) 


MECH. MODULE 
ASSY & C/0 FIXTURES 


INDEXING/ASSEMBLY 
CRANE \ 




H-44 


V 44- 

- t \.T-^rr — ' 

II J k : ! 4 44 

i ; r -l- 4 


I L 




MECH. MODULE 
TRANSFER & INSTALLATION 
UNIT i 




/ 

/ 

/ 

/ 

/ 

/ *- 



/ 



/ 

1 1 * 

L. 

yp-L 

, 

FT H 

1 : i;i i j !i:-tr 

lT* ]*| * ■ * 



l i i J 

r* i ♦ » | H | ~ 

JL 


1 - -j 


I 

~TTT 
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PARTIAL PLAN VIEW RF ASSY STATION 


INTERNAL 

CRANEWAY 


iNDEXING/ASSEMBLY 
/CRANE (3) EACH 

/ ASSY & C/0 OF (9) 10.2 MX 11.6 M 
I SUBARRAYS INTO 30. 6M X 34.92M 
MECH MODULES 

MECH MODULE > 

/ ASSY & C/O / 

/ FIXTURE j&P 


MOBILE MECH MODULE TRANSFER 
.AND INSTALLATION UNIT 

/ (3) EACH 

/ 

r 

MECH. MODULE 
ASSEMBLY & C/O FIXTURE 
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CREW SIZE 

(3-TROUGH, CENTER ANTENNA, SINGLE PASS) 



DAY 

1-90 

DAY 

91-150 

DAY 

151-180 

CONSTRUCTION CREW 




SOLAR CONVERTER CONSTRUCTION 

60 

0 

0 

ANTENNA RF ASSY/INSTALLATION 

24 

24 

24 

CONSTRUCTION SUPPORT 

12 

4 

4 

MAINTENANCE 

10 

3 

3 

BASE MGMT 

8 

3 

3 

CREW SUPPORT 

12 

4 

4 

TOTAL SHIFT CREW 

126 

38 

38 

TOTAL CONSTN. CREW -4 SHIFTS 

504 

152 

152 

OPERATIONAL MAINTENANCE CREW 



24 

TOTAL CREW ON-BOARD 

— l 

504 

152 

176 


Rockwell International 

Space Division 
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SATELLITE CONSTRUCTION TIMELINE COMPARISON 
(3 TROUGH SATELLITE, SINGLE PASS CONSTRUCTION) 


A timeline has been developed for construction of a 3-trough satellite 
with an end mounted antenna using the single pass construction techniques. 

For comparison purposes this schedule is shown along with the ( P re ^°^ y 
presented) schedule for the same satellite with a center mounted antenna. 
Evaluation of the constructability of both antenna locations has shown that 
the end mount is somewhat simpler thereby requiring only 10 days construct 
vs 20 days for the center mount. This will result in a sligh y re u 
power requirement (<6.0%) which can be reflected in a somewhat reduced crew 
size or a shortened tour of duty for the construction crew which starts on 
day 91. Otherwise the construction schedule is effectively independent of 

antenna location. 
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SATELLITE CONSTRUCTION TIMELINE COMPARISON 

(3 TROUGH SATELLITE, SINGLE PASS CONSTRUCTION) 


CONSTRUCTION OPERATIONS 


CONSTRUCTION TIME (DAYS) 


0 


50 


100 150 180 




END-MOUNTED antenna 


CONSTRUCTION BASE PREPARATION 

n 




ROTARY JOINT & ANTENNA YOKE 






ANTENNA PRIMARY STRUCTURE 



L_ 


ANTENNA SECONDARY STRUCTURE 



r 


NTH +1 SAT 

3 TROUGHS - SINGLE PASS 




l / 

ANTENNA RF ELEA/ENTS INSTALLATION 





/ 

RF MECH MODULE, ASSEMBLY 

NTH SATELLITE 


i 

\ 

SATELLITE C/O 





L 

SECURE & TRANSFER SCB 







CENTER-MOUNTED ANTENNA 


CONSTRUCTION BASE PREPARATION 
FIRST WING (10 BAYS) 

ROTARY JOINT & ANTENNA YOKE (FRAME) 
ANTENNA PRIMARY STRUCTURE 
ANTENNA SECONDARY STRUCTURE 
SECOND WING (10 BAYS) 

ANTENNA RF ELEMENTS INSTALLATION 
RF MECHANICAL MODULE ASSEMBLY 
SATELLITE C/O 
SECURE & TRANSFER SCB 


1 


L_4 


NTH SAT 


NTH+1 SAf 



O O 
^ SC 

•v c> 

ss 

o 1 

> 

r* £ 
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SATELLITE SINGLE PASS CONSTRUCTION TIMELINE 
(ACCELERATED SCHEDULE) 


shortening of the lIS d af scheSule “ nstr “ ctlon “°«Pt nukes possible the 
such shortening j however^ reouLes t^T 8 th ? techni 1>'« described below. 

parallel, with a resultant increase in cr™ site^'Fo^e” 5 ^ COn J ucted *■> 
tion schedule of 108 davs has bepn anhi a f 1 * For exa mple, the comple- 

127 days for the cente^“ d^t^ "b tile “ i 

sires from 332 to 376 and to 438 for the t£o cases respective!" 380 

shown TIn !i 1 ^rth f rs!n!!e t n!ss Ce c nter 'T nt ' id dnd -“>"«ed antennas are 
neously as opposed to the sequential 1 CCTlstr V Cts a11 three troughs simulta- 
tion time can be shortened. As with theT^ ° peration » the total construe 
time for mechanical module assembly is allocked an^ 18 ^?^ 0 ^ considerab le 
antenna RF installation. m the case of L parallels, in part, 

joint and antenna yoke are constructed initiany’^t'en ant6nna * the rotar y 
progresses in parallel with trough construction f construction then 

requires construction of one wing before the t h center-mounted antenna 
fabricated and installed. The time for thi* l l- joi " t and y° k e can be 
the end-mounted configuration to refleer rh Peration haS been doubled over 
ties of installation Ifter t^e III ! additional operational complex!- 

satellite Wing is fabricated, but f T idStallcd - tha *<=cond 

required for antenna RF installation. P ltem because of tbe time 


SATELLITE SINGLE PASS CONSTRUCTION SCHEDULE 
(3 TROUGHS, SPACE FRAME ANTENNA) 


CONSTRUCTION OPERATIONS 


CONSTRUCTION TIMELINE (DAYS) 


END-MOUNTED OPERATIONS 

" CONSTRUCTION BASE PREPARATION 
ROTARY JOINT & ANTENNA YOKE 
ANTENNA PRIMARY STRUCTURE 
3 TROUGHS-SINGLE PASS 
ANTENNA SECONDARY STRUCTURE 
RF MECH MODULE ASSEMBLY 
ANTENNA RF ELEMENT INSTALLATION 
SATELLITE CHECKOUT 
SECURE & TRANSFER SCB 

CENTER-MOUNTED ANTENNA 

CONSTRUCTION BASE PREPARATION 
FIRST WING (10 BAYS) 

ROTARY JOINT & ANTENNA YOKE 
ANTENNA PRIMARY STRUCTURE 
ANTENNA SECONDARY STRUCTURE 
SECOND WING (10 BAYS) 

RF MECH MODULE ASSEMBLY 
ANTENNA RF ELEMENT INSTALLATION 
SATELLITE CHECKOUT 
SECURE & TRANSFER SCB 
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ANTENNA CONSTRUCTION CONCEPT 


f— 



r 


m 

M 





Rockwell International 

Space Division 
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antenna design concepts 


are "“J 11 ' 6 C0 ” f 

the space frame antenna has been developed^ th^ * n J 6IUIa ' While 

IZlZltZZT als ° 1 sh °™ “ - STS; 

t0 — 0* construction 



ANTENNA DESIGN CONCEPTS 



TENSION WEB 
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ROTARY JOINT CONSTRUCTION SEQUENCE 
FOR END MOUNTED ANTENNA 


The sequence of fabricating the rotary joint structure during the 
single pass satellite construction concept is shown. The primary opera- 
tions which take place are identified under each figure. 

The slip ring assembly is the first element of the satellite to be 
constructed. It is fabricated on a jig which is part of the SCB. When 
the slip ring is complete the SCB fabricates the longerons which support 
the slip ring as the SCB moves away from it. The first frame of the 
solar converter is then constructed by the SCB and the slip ring is 
further established by apex support members which also tie the ring to 
the first frame. The construction of the antenna yoke is described in 
some detail in a later section of this document. 
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ROTARY JOINT CONSTRUCTION SEQUENCE FOR END MOUNTED ANTENNA 



3i •STABILIZE SUP RING 
• BUILD YOKE BASE OUT'BO 
(INDEPENDENT FACILITIES (2) 
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SPACE-FRAME ^A^STRUCtlOH CONCEPT 

The 

rVIST “"“«»» which 

* d to the y X L.. S h T^ Unt 1 in Us yokels „hlch“i a „ Ch f d - A 
to the end of the satell it- &ry J oint which supports th P * £ “ rn » are attach- 
mounted on the yoke arm* * n0t Shown in its entirety yoke base is attached 
the antenna primary «»- * provides support for the fabr' ' rave ling gantry. 

Installing tL^Z^t s Ur %^ d Uter P^ide access t “£l* C ° ns 'rocts 

arms, thus providing C The 8 ant ry can traver^'pt, ^ ant enna for 

ance. When not In us^it*! C ° b ° th Sldes of the antenna for “V* Crun! ' lm 
ference with the cicrowaves ° red to the trenail 



SPACE-FRAME ANTENNA CONSTRUCTION CONCEPT 

END MOUNTED 



rtf,/ 


'^*—80 x 80M 


SLIP RING 
375M OD 


YOKE BASE 
80 M x 120M 


SATELLITE 

SOLAR CONVERTER 
STRUCTURE 


TRAVELLING- 

GANTRY 


YOKE ARMS 
40M x 120M 


Rockwell 

International 


Satellite Systems Division 
Space Systems Group 


98PD131353 



ANTENNA PRIMARY STRUCTURE FABRICATION 


This series depicts the sequence of antenna construction operations. 
Initially, the yoke base is constructed in place across the face of the 
rotary joint utilizing a beam fabricator (or two beam fabricators working 
in opposite directions) which is free flown from its storage location on 
the SCB into its initial position and attached to the slip ring structure. 

Upon completion of the yoke base, the beam fabricator is repositioned 
to construct each yoke arm as shown. The strengthening ties at the corners 
are fabricated elsewhere on the facility and then moved into place. 

Following completion of the yoke arms, a beam fabricator is used to 
construct utilizing the yoke base as a platform. The gantry is then attach 
ed to tracks on the yoke arms. Elevating mechanisms at each end of the 
gantry provide for moving it to greater or lesser depths within the arms 
as may be required in the antenna construction and RF mechanical module 
installation operations. The elevating mechanisms also provide for raising 

the gantry clear of the structure for stowing along the yoke base when not 
in use. 




YOKE ARM 
FABRICATOR 


ANTENNA TRUNION 
MOUNT 


SATELLITE ' 

SOLAR CONVERTER 
END FRAME 


$ m I f ,>f 

sup y :i 

RING 

tf ■ tj a 

n rra 




ANTENNA 

BEAM 

FABRICATOR 

-TRAVELLING 

GANTRY 


GANTRY ^ 
GUI DEWAYS 
(BOTH ARMS) 


YOKE BASE FABRICATOR 


YOKE BASE CONSTRUCTION 


ANTENNA PRIMARY STRUCTURE FABRICATION 
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ANTENNA PRIMARY STRUCTURE FABRICATION 


The antenna primary structure is constructed by beam fabricators mounted 
to the lower side of the gantry. Initially, the antenna center beam structure 
which attaches to the trunnions is fabricated and installed in the trunnions, 
which are then locked into position. Following this operation, the gantry- 
mounted fabricator progress outward from the center beam, completing one-half 
of the structure, in successive passes. The gantry is then relocated and the 
fabricator constructs the remaining half of the antenna. After removal of 
the fabricator, the gantry is then used for installation of secondary structure 
and RF elements. 






GANTRY 


SPACE-FRAME ANTENNA CONSTRUCTION CONCEPT 
END MOUNTED 


ANTENNA PRIMARY STRUCTURE FABRICATION 


J ANTENNA 
I PRIMARY 
- STRUCTURE 

0 

GANTRY-MOUNTED 
BEAM FABRICATOR 


ANTENNA PRIMARY STRUCTURE 
FABRICATION 
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3 TROUGH CENTER MOUNTED ANTENNA CONCEPT 


This chart shows more details of a center-mounted antenna for the 3 trough 
satellite configuration. The slip rings are installed around longerons which 
continue through the center section and provide the structural tie between the 
two solar converter wings. The antenna is mounted within a frame which provides 
support for the trunnions and also for the traveling gantry used to construct 
the satellite structure and install the RF elements. Because of thermal consid- 
erations inherent in antenna operations the slip rings are located outside the 
projection of the antenna. 
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concepts for . , 

nominal position'' t“ e In Che t roan I 7“*? ““““e ere shoe 

prevent Interference !»*/#•>, " etwet:n satellite win** C ° elther side of it 

4 - 14 ' “«!• M shown. ''■* 8trucCu re with the ticro™!?! f UffIcI “t to 
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CONSTRUCTION COMPARISON 


roTr.nl ^v^ Cl f fer ?K CeS in facilit y “ass* crew sizes, construction equipment, and construction 
p exity for the serpentine and single pass construction concepts are shown. The satellites 

r nSlSt £. th \i hr “ and £ ° Ur tr ° U8h “■'fixations witt either end-.oJnted or center- 
mounted. antenna. (The effect of this variation on the construction time, crew site and suppor- 
ts the si”^ ee, 1 lgible .J The serpentine concept requires a pass for each trough as opposed 
rorr, pa ^ s COnCe ? t ” l,erein a11 troughs are constructed simultaneously. The relative 

lariin 7 f° r , p ^ ogram risk) considers the operations attendant to fixture and platform trans- 
lation required for serpentine construction, as opposed to the single pass concept. 

particularlv W wiJh e thr f J eC ? ******* manloadin 8. since the sequence of construction operations, 
to satellite complete Pi “ SS COnCePt • P "'” it8 retur " in 6 of some parsonnel to earth prior 

conce« e in“?harfor U i P s?f,r' 1Ulre ” entS tr , ibeaIa f o»tic.tors) vary with the construction 

concept in that for a single pass construction, all troughs and solar converter equipment are 

op«a“1ro S m"hoJh n :id U 7 °* • *" S8rl8S ' H — • th ' -rpentine fixture it leered lo 

operate from both sides, which requires two sets of dispensing equipment. 

It is noted that the serpentine method results in a smaller crew sizes, and in general less 
upporting equipment. The SCB mass for the two concepts is essentially the same, with the platform 
attend ^ P^centege of the serpentine SCB mass. However' the precursor operations 

attendant to constructing a platform almost 3 km long in three sections which translate relative 

s?ructiorfiJfurr- f n n “^ able d ““"'’I'"' the se< I ue, >‘ :<i °f translating these sections and the con- 
truction fixture many times during the construction of one satellite involves 

° pera 5 ional c °“Pl**ity and risk. In addition, the concept involves several sequences 
y securing and releasing the platform to and from the partially completed satellite structure 
( meter tribeam sections) by means of elevating attach mechanisms. Detailed study will be required 

rr rrr eas bi ity of this ° perati ° n ****~ ^ ZoZU Vd 

these reasons, the single pass concept is preferred. 
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SINGLE PASS CONSTRUCTION TECHNIQUE RECOMMENDED 


ANTENNA LOCATION NOT CRITICAL TO CONSTRUCTABILITY 


RECOMMEND THAT 3rd QUARTER CONSTRUCTABILITY TO BE 
BASED ON 3 TROUGH SATELLITE WITH CENTER-MOUNT 
ANTENNA 


Rockwell International 

Space Division 
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EOTV REQUIREMENTS OVERVIEW 

translates into approximatfly^f^Lnd tri^Tw ** ^ 10 yCars ° f °P erat i°n, which 
required to transport construction mate^f ^ LE ° and GE0 - Ten EOTV's are 
the time required for EOTV transit ^ ° ne satelli te to GEO. Because 

The bottom line of the chart cVin ... 

Because of EOTV life ~r- , 
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EOT/ BUY 
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Eor* CONSTRUCTION TIMELINE 


The EOTV consists of only 4 bavs Th c 
seven days has beer, postulated. Mucb’o/thl*^*’ * t0taI build 'l* 1 ® of 
Parallel as she™. It Is estimated L t T C “ b ® In 

11 aa y s > including 2 days for facilir * E ° r ’ Can be cons tructed in 

Machines , solar blanket'difpenfing^ (i ’ e - loadin * beam 

designated activities is consistent with^hat^i i ^ allocated for the 
construction for similar activities. allocated to satellite 



















EOT/ CONSTRUCTION CONCEPTS 


are . Tr ' ree P° tentla l options for constructing the EOTV’s h u 

are * 8 Cne E0TV s have been identified. These 

option 1 - Construct and maintain EOTV’s in LEO with a a 

m EEU with an integrated facility. 

Option 2 - Construct EOTV’s in LE n h.,#- ^ 

periods of non-building' Hatnltl* P/T* in “0 during 
the five EOTV build cyfies whin ? 5 ln GE0 for 

ducted in LEO. Maintain a ’permanent r’ Uld ba con - 

processing. C L£0 fa cility for crew/cargo 

Option 3 - Transfer the fixture to GEO Bu-flrf a 
CEO. Maintain a percent LEO fac^ 

and lMt"l 0 ^^“'^«™cted°In t ^o? h * rt - “ 15 n ° tad that ln <=ase, the flat, 

the *30° Pti ° n 2 rat ^ u ° r ®® T transportat ion^of ^maintenan CreWS ° r “ aterIal are transported to 
the 30 program years. The other 3 years are fl*"* and material to GEO for 27 

to'cEO^ AdSitf 10 ?, 3 ' C0Dstruct ion/maintenance crews “d ’nat"^^ 0 ' E0TV ' S <5 bulld 
loss of abo d ut it HTd 1 a 1 y y T eaCh E ™ return 
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EG TV COG STRUCT I Of. OPTIONS 
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EOT/ FI/7 >E 
i, INITIAL 
EOT/ CC'.S’ 


GPTlCf. 1 

GO r 6T< JCT/MAJ f .7 Al r. 
EOT/ ; *. LEG 


OPTION 2 

const* xt eot^s in leg. 
transfer fixture to oeo 

• -E*. *.QTIN USE. MAINTAIN 
tnr-yt i* . 


OPTION 2 

CONSTRUCT i MAINTAIN 
EOT/ S *. GEO 


S Sfilemt 0<*.«4On 
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EOTV CONSTRUCTION CONSIDERATIONS 



consideration 

OPTION 1 

OPTION 2 

OPTION 3 

• FACILITY & FIRST EOTV BUILT IN LEO 




• FACILITY RELOCATION TO GEO REQ'D 


5 RT'S 

1 ONE-WAY TRIP 

• ALL EOTV'S MUST BE IN LEO FOR LADING 




• BENIGN ENVIRONMENT FOR EVA 



1 _ . 

• MINIMUM LIGHT/DARK CYCLES DURING CONST 




• COMPLETED EOTV IN LOCATION FOR LADING 
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30 YR PROPELLANT REQUIREMENTS 


Options 1, 2 and 3 are compared lights t^carry the propellant 

over a 30 year period and resultant ad< di^ This option entails const ™^ 8 

to LEO. An additional option, 2«., transferring the facility to a :o6 

p“ b £s\o\.d U ce .«£»* 

™ — at 

500 km. 


Tte data displayed on the chart indicate that severe propellant (and HU.V) 
penalties are associated with Optrons 2 and 3. 


Options 1 and 2A are essential Ivor of^iionM! though 

slightly^more coople. 
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EOTV CONSTRUCTION ORBIT 30-YR PROPELLANT REQUIREMENTS 


/Construction 
item / ORBIT 

OPTION 1 
LEO 

OPTION 2 
LEO/GEO 

OPTION 2a 
LEO/LEO 

OPTION 3 
GEO 

• FACILITY STATION KEEPING - LEO 

622,000 KG 

KG 

411,040 KG 

KG 

• FACILITY STATION KEEPING - GEO 

- 

5,940 


6,600 

• PROPELLANT FOR FACILITY TRANSFER TO GEO 

- 

587,500 

• 

117,500 

• PROPELLANT FOR FACILITY TRANSFER TO LEO 

- 

587,500 



• PROPELLANT FOR EOTV CONST MAT'L TO GEO 

• 



4.84 x 10 6 

• PROPELLANT FOR EOTV MAI NT MAT'L TO GEO 

- 

20.8 x 10 6 


22.5 x 10 6 

PROPELLANT 

622,000 KG 

22 x 106 KG 

411,040 KG 

27.5 x 10 6 KG 

HLLV FLTS 

3 

98 

2 

123 

• HLLV FLTS-EOTV MAI NT CREWS - 2 HLLV'S 
PER ROTATION 


108 


120 

• HLLV FLTS-EOTV CONST CREWS - 5 BUILD 
CYCLES AT 5 HLLV'S EACH 




25 

TOTAL HLLV FLTS 

3 

206 

2 

268 


OPTION 1. 
OPTION 2. 
OPTION 2a. 
OPTION 3. 


CONSTRUCT AND MAINTAIN EOTV'S IN LEO (500 KM . STORE CONSTRUCTION FACILITY 
IN LEO f500 KM) WHEN NOT IN USE 

CONSTRUCT EOTV'S IN LEO (500 KM - TRANSFER CONSTRUCTION FACILITY TO GEO FOR 
STORAGE WHEN NOT IN USE MAINTAIN EOTV'S IN GEO. 

CONSTRUCT EOTV'S IN LEO (500 KM' - TRANSFER CONSTRUCTION FACILITY TO HIGHER LEO 
(556 KM' FOR STORAGE WHEN NOT IN USE 

CONSTRUCT AND MAINTAIN EOTV'S IN GEO. STORE CONSTRUCTION FACILITY IN GEO 
WHEN NOT IN USE 
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CONCLUSIONS 
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MPTS ARRAY POINT DESIGN 


The antenna parameters and radiation characteristics of the 
antenna array assemblies th-t constitute the microwave power trans- 
mission subsystem (MPTS) are investigated via Taylor Distribution. 
Existing data are derived from investigation of Gaussian Distribution. 
Preliminary results are presented here as a first step in upcoming com- 
parison with results from Gaussian distribution considerations. 




»f fl **«- 


MPTS ARRAY POINT DESIGN 

TAYLOR DISTRIBUTION 
RADIATION CHARACTERISTICS 
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taylor weighting 


;; Aperture distrib — - «*- by Iaylor 


b) p y or * 

S^rSZSTiZSz . radlus - d «*™*~ 

^ ar— field pattern ac 

s determined by Tavlnr a * 

y la yi°r distribution 



APERTURE DISTRIBUTION 

POWER DENSITY vs RADIUS DETERMINATION 

FAR FIELD PATTERN 
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COKPITTATIOBAL PROG?^. 


-V is to develop ccsoutationai tools to handle 

is ceing developed ,o h«ee functions ten 

an, antenna aperture function^ center ^ calcul . ted us ing 

be stored as suDroutines. Ihe ia. - 
nrooriate aperture function. 



COMPUTATIONAL PROGRAM 


NEW 

CASE 


MAIN 

START 


\ 

f 

\ 

' — 

CALL 

APERTURE 

FUNCTION 




SUBROUTINES 


COMPUTE 
APERT UR I 
FUNCTION 


y 


/ APERT 
PLOT 
\ LIST 


\ 





COMPUTE 
FAR FIELD 


SUBROU1 INI 


FOURIER 

TRANSFORM 


y 

print/plot 


V 

STOP 










APERTURE DISTRIBUTION 


The Taylor aperture distribution is explicitly written 
out to show the functional dependence of various parameters. 
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J" IELD PATTERN DISTRIBUTION 

Fourier tr«Lfo»^rrte™«^° b M*“? h by a 

The case presented i s a 30 hk -j strit) ution function. 
The field is normalised and , " a° be level with n " 5 
od radius. lMd a ” d Pitted against the normally 
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FIELD AMPLITUDE 


FIELD PATTERN DIST. (NBAR = 51 

(NORMALIZED) 



RADIUS 
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APERTURE DISTRIBUTION 


distribution functionated as** ^ normalized Taylor 

lobe I®' f ° Ur Case * are 25 30 3^°" ° f 

l° be levels and n = 5. ’ 3 °* 35 » and 40 dbs side- 









APERTURE DIST. (NBAR * 5) 

(NORMALIZED) 
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0 * 

APERTURE Dl ST. (NBAR » 5) 

(NORMALIZED) I 
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antenna footprint 


satellite antenna Up resented tZ, r' fr °" an SPS 
represented certain sidelobe levels and” 06 "" 1 ! 1 aUlpses 
labeled. The dimensions (.Ue^ of "he silT i eVelS "" 

“nut/ 0 “**“• tha ““ante •* the sidelte be f S ro Tthe S ° 









EARTH ILLUMINATION FROM SPS EQUATORIAL SATELLITE ANTENNA 
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COMPARISON OF SOLID STATE AND KLYSTRON 
APPROACHES FOR SPS MPTS 


This chart presents a comparative picture of the transistorized 

Wf^-f Stat \ an u th ? klystron dc_RF converter in terms of their estimated 
lifetimes, high volume production, operation, and maintainability. The 
specifics are self-explanatory. 



t Lifetime 


Lifetime potential is mu cm higher 
FOP THE TRANSISTOR POWER MODULE. 


• High Volume 
Production 

• Operation 

• ''attainability 


I HE SMALL SIZE OF THE SOLID STATE 
POWER MODULE PROVIDES MANUFACTURING 
ADVANTAGES AND REPRODUCIBILITY 
POTENTIAL. 


Can be slowly switched on and off 

WITHOUT DEGRADATION. 


SO /-RAY PPOBLEMS. 

Small '■'Odule sizes allow easy 

REPLACEMENT. 


Cathode degradation and high 

VOLTAGE POWER SUPPLY BREA /DOWN 
LIMIT LIFETIME. 


Requires high tolerances. 
Large sizes involved. 
Significant high volume test 
PROBLEMS. 


Parts of Klystron "ust remain 
"on at all times. 


Significant x-ray and leakage 

PROBLEMS rfHICH ARE -AZA-DOUS 
TO PERSONNEL. SUSCEPTIBLE TO 
MAGNETIC DISTURBANCES. 

!1ANY INTERCONNECTS. 

Automated repl. tech. reo. 





IMPACT OF HIGHER SOLAR CELL EFFICIENCIES 


This chart illustrates that if higher efficiencies are obtained 
in the primary power generating solar cells it may be possible to 
utilize other power converter candidates such as TRAPATT diode 
amplifiers or Electron Bombarded semiconductor amplifiers. However 
the need for low primary input voltages remains a primary concern. 




• Allows a wider range of solid state microwave power converter candidates that 

DO NOT POSSESS THE HIGH EFFICIENCY POTENTIAL THAT THE TRANSISTOR HAS. 

• Some of these candidates operate at higher voltage levels compared with 
transistors: 


Ply ice 

TRAPATT Diode Amplifier 


* 50 % 


Electron Bombarded Semi- <A5% 
conductor (ebs) amplifier* 


Supply 

Voltage 

<150V 

15KV a 10 mA 
60V a 100A 


Output 

fflWER 


>3KW 


• The voltages associated with the power handling capabilities of each device 

ARE STILL TOO LOW TO REDUCE THE DC/DC CONVERTER DESIGN PROBLEM. 


'Very Small Size And Light Weight. 
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TRANSISTOR COLLECTOR BREAKDOWN VOLTAGE (VB C J 


- - 


base ™d1h1^)\^p“^Sr*Sth £ « CtI r 1 H r a laCl0n8hi,> the 

(Na N ) of t v a r ( EPI> and dcpin 8 concentration 

A. V of the various types of transistor configurations investigated 




Y 

1 


i 


• Theoretically, the basic form of BV c shows a functional relationship 

^ETWEEN BAjE WIDTH O'/g), EPITAXIAL WIDTH (W EP |) AND DOPING CONCENTRATION 

(Na, N 0 ). In general: 


BV, 


• N a “r 2 

2 £ r £ 0 


(uniform base alloy transistor) 


BV, 


€ r € 0 


N W 2 n u 2 
N a »ep, W r - ^ 


b 2 2 

* For optimum conditions with the double diffused transistor: 

W 


(double diffused transistor) 


EPI (opt) 

nif e N W 2 

BV c * 


N„ 


(N a a 2-10 19 /cm 3 , N d « 5-I0 20 /cm 3 ) 


• If W b is approximately and e. is 12: 


BV C » 25V 


• It is readily apparent that the transistor breakdown voltage is a function 

OF DOPING AND DEVICE STRUCTURE. 
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EFFICIENCIES 

V ? fc — «- E Md C ampllfierg 

red thus «« c 2 dB ls 











_ . v and class c BIPOLAR TRANSISTOR 

°* F “ M 51S» »OTlS«W VS FREQUENCY 


r 


L 


TEU cEa« SEO.S ^ | ^ 

rSs :ir“^ - *•« -• 


t 


r 
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Efficiency (%) 
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COMPARISON OF CLASS E AND CLASS C CaAs AMPLIFIER 

efficiencies vs. frequency 


This chart illustrates that 
a gain of IQ dB the most obvious 
frequencies, would be Class E. 


for a FET based 
selection, over 


transistor amplifier with 
a wide range of transmitter 
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COMPARISON OF CLASS E AND CLASS C GaAs FET AMPLIFIER EFFICIENCIES VS. FREQUENCY 
(PRELIMINARY INDICATIONS FOR AN AMPLIFIER WITH 10 DB GAIN, ACCOUNTING FOR SOME CIRCUIT INEFFICIENCIES) 
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alternative choices for 

AT 2.45 GHz WITH GAINS 
PRESENT 


VARIOUS AMPLIFIER CANDIDATES 
OF 15 dB OR MORE BASED ON 
KNOWLEDGE 


This chart is self-explanatory. 
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Highest Efficiency (>75%) For Gains 
Above 10 db With Present State-Of- 
The-Art Devices, 

Efficiency Drops Off Beyond 1.5 GHz 


Satellite Systems Division 
Space Systems Group 


^1^ Rockwell 

International 


Efficiency Could Be 
Less Than 60% At 2.5 GHz. 


High Efficiency (>75%) 
For Gains Above 10 db 
With Present State-Of- 
The-Art Devices. 
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DC/RF SOLID-STATE/WAVEGUIDE SPS CONCEPTS 


adapting the d£/RFT^i£ 8 ^e^iav^fde^riLi^Ie^d 2 “i^fl ° f ±de3S 38 t0 the fusibility of 
the MSFC four-trough galiux-zrseuide SPS under study iontract”^ CSSPS “ 

tens. In the spring and ^"yM^^hTtolar^r r ^ rc,space GSSPS and the Rockwell SPS sys- 

Aerospace Corporation suggests a twicelperLrMt Ub^atlo^VT ° £ GSSPS ° bscurc *«>> other, 
this obscuration. In the winter ar.b su^er? tte e !*“*' stellite roll axis to xininize 

degree angle between the earth equatorial Ad IV i??* ? not obscure **ch other due to the 23 5- 

to cause a once-a- yfe ar precess^T^e 1 ^^^^^- ^ ™t be pLed 

All of these maneuvers nay require a comolev r a th f chan 8 in 8 sun angle is to be maintained 

satellite to naintain sunlpoin’ting f ° r the 47 «» ^ »tring-liL 

equator; of the lens antenna. ' ' panels and earth-pointing (to latitudes not on the 


ref^r^^ - -« h-pointing of the 

RP components. The satellite attitude is perpendLuUr to^ 7 cont aining no electrical or 
located on the South Pole end of the satellite pointing TaJ^l noTrt "“f pUnfe with the antenm 

latitude antenna-pointing, the antenna is mounted on the North ™ ^ rth latitudes. For south 

sion units naintain active control over satellite a* 5 P ? le end of the satellite. Ion propul- 

-hreeT" driveS “^tain earth-pointing of the antennT Th^T zontrol ~ vioment 8yros or simple 

tnree-layer (butterfly dipole/phase-shif ter/butterf lv dino^f i i Aerospace Corporation CSSPS uses a 
emitted from a horn mounted on the end of the 47 kr- ? Qri P 7 lensfe antenna to transmit energy. 
Latitude pointing and minor longitude pointing is acconDlishL^ 6801 ^ in 3 coherent manner to earth 
some mechanical pointing to maintain low sidefobe req^ ent 1. 7 W3Ve - fr ° nt P 1 * 8 ^ and may require 


transmitted^^^waveguid^moun ted 6 transmit ter°horn Sit T*\ T*T * ”"*** Colliaat e energy 
-wave front. The waveguide horn is locate! a^h^cll £« 



DC/RF SOLID-STATE/WAVE-GUIDE SPS CONCEPTS 


ROCKWELL INTERNATIONAL 
CONFIGURATION 

PERPENDICULAR TO EQUATORIAL 
ORBIT TYPE 





SOLAR RADIATION 




AEROSPACE CORPORATION 
CONFIGURATION 

GRAVITY GRADIENT TYPE 





SOLAR RADIATION 

4- I M 

-•r-'rm 


ANTENNA 


# r -l 


NTH LAT 
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mmmmmmmmmmmmmmmmmmmmmmmmrn 



SOLID-STATE SATELLITE POWER SYSTEM 

and an antenna assembly attached bv 3tructure includes a rotary ritt 

RF waveguides and solar cell n«n &1 < 

cell panel in transverse orlentat±on are 



SOLID STATE SATELLITE POWER SYSTEM 



3 ft 


Rockwell International 

Space Division 381 
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CONCEPT DETAILS 

“ate, waviguile C ^ rt Sh0, ' s the basic element 

RP Power transfer concept “ “ ada >‘ the Aerospace Corn 
T «o options for sol C°tP°ratlon sol 

the RF enerev «,* the Wave guide, that d elect rical power r , cells on each 
alaments infer? ?fT\ t<!d to a «ntrallv if™!!' dc c ° ^ Power T f! Id ' scat a devices 
transmitter horn. ateral " ave >S“ide energy^n^ 1 " " ave S ui de where traas “ 

C “ tral ^ 

£t and At the 

- *-asj=rft. ss^iynsSsr 

ln Tha antenna rotarv ,„t 7 P r «edures 

illustrated ^ Joint shows t - i 

the 



ROCKWELL DC/RF SOLID-STATE/WAVEGUIDE CONCEPT DETAILS 


MIRROR SUSPENSION 
STRUCTURE 


ROTARY JOINT 


MAIN 

LONGITUDINAL 
( WAVEGUIDE 


OPTION 2 


MAIN 

LONGITUDINAL 
C WAVEGUIDE 


OPTION 1 


t PARABOLOID 


BAY MODULE 
WAVEGUIDES 


GEOMETRY 


TRANSVERSE WAVEGUIDE 


PIVOT & 
PARABOLOID 

FOCUS — '''' 


LONGITUDINAL BAY / 
TRANSVERSE AT 
FRAME WAVEGUIDES 


TRANSVERSE 

WAVEGUIDE 


CONE (FIXED) 


TRANSVERSE FEED 
WAVEGUIDES 

EACH SUB-POWER MODULE 


Rockwell 

International 
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GEOMETRY 


~ :r: jrnirr r™ •• — — •• - — ... «. 

The pivot motion described accounts onlv f i Y 8 dly attached to each other. 

potentinl is an Sin x/x curve * A "*cond mirror shape 

contours “* ° f Q the 

S^-^-vrsws-. 


384 


GEOMETRY 



FLAT REFLECTOR/LENSE 
GEOMETRY 
(FIXED XMTR HORN) 


PIVOTABLE PARABOLOID 
(FIXED XMTR HORN) 
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PARABOLIC ANTENNA DETAILS 


The facing chart illustrates how a frame and tension wire array might provide 
a close tolerance wire— mesh paraboloidal mirror. 

It is possible to create a paraboloidal shape if a uniform force field ori- 
ented parallel to an axis is applied to a membrane perpendicular to the axis. If 
a system of meridian planes radiates from the axis, each contains a flexible 
member (countour members) anchored to a frame— in turn, pulled upon by close uni- 
formly spaced flexible members (force members)— and each containing the same load, 
a segment of a parabola is formed in each meridian plane. The exact segment of the 
parabola formed is determined by the angular relationship of the anchored meridian 
contour elements and the uniformly spaced elements representing the uniform force. 
Other flexible members located orthogonally to the meridian planes may be located 
to form concentric circles about the paraboloidal axis. The degree of surface 
compliance is determined by the closeness of the net pattern formed. 

To effect the uniform force field upon the paraboloidal net, a system of flex- 
ible members is required with the members pulling in opposition to the previously 
described net. This second array of flexible members is connected to the same 
frame. Since only one surface (the "mirror" surface) requires shape compliance, 
the counter-pull member array may permit the accumulation of the uniformly spaced 
members (force members) into fewer major strands reacted by a single flexible 
member for each meridian plane formed. No concentric circular counter force element 
members are required. Since all flexible members are anchored on the same frame, 
and interconnected to each other, a complete self-contained stable system of 
forces and nets will be established. 
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RF WAVEGUIDE ORIENTATION OPTIONS 


- 


j 


described in a^revious^hart " 13 ™^" 1 ° f , f lar deli/waveguide options 
illustrates the'trans^er^egSde^tJ™^^ l0Uer Uft - ha " d 
mg structure. k lative position to adjacent support- 


RF WAVEGUIDE ORIENTATION OPTIONS 


TRANSVERSE 

FEED 


I'-pl 
rf ■ * 


TRANSVERSE 
WAVEGUIDE X 


— J 

I -ill 




MAIN 

LONGITUDINAL 

WAVEGUIDE 


Itv/# 


— I 


LONGITUDINAL BAY 
TRANSVERSE AT FRAME 

I I I fl fl fl I ' ' ' n 

* T 


”^1 


TRANSVERSE 
WAVEGUIDE " 


MAIN 

LONGITUDINAL 

qWAVEGUIDE / 
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MICROWAVE— POWER— DISTRIBUTION SUBSYSTEM 


The facing chart shows: 

• The solid-state circuit diagram 

• Transistor mounting concepts contained in the Aerospace Corporation 
AIAA paper 

• Transmitter horn mounted on the end of the main waveguide 

All RF rotary joints described in the Aerospace Corp. AIAA paper have been 
eliminated. No new RF waveguide problems have been created. The lens property 
of the transmitter horn has been utilized on low-power (relative to SPS) radar 
antennas. The concept of self-excited, electrically tuneable side-lobe suppressant 
cavities may be new. Tuneable wave shaping of the emitted spherical wavefront may 
also be new. The question as to whether variable lens properties are possible must 
be addressed, as must the question as to whether horn spilling can be prevented an 
side-lobe suppression at the horn accomplished. Other questions are: What surface 

compliance must the paraboloidal mirror have? Will the paraboloidal mirror surface 
require a phase-shift property? Can the transmitter horn effectively control and 
phase-shift portions of the wavefront (if required) to maintain the proper power 
distribution at the earth rectenna? Is it possible to transmit a unique wave shape 
such as to produce a uniform field intensity at the rectenna? This last question 
poses the possibility of a 5000- to 6000-m diameter rectenna. 

The attendant potential for cost reduction of the SPS system and the earth 
rectenna warrants a "proof-of-concept" study. 
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MICROWAVE-POWER-DISTRIBUTION SUBSYSTEM 






(A) TRANSISTOR 
MOUNTING 
CONCEPTS 


WAVEGUIDE 




(B) 


COAXIAL CONDUCTOR 
WAVES TO TE D | WAVES 
CONVERTER CONCEPT 


XMTR HORN 



/ 


/ 


/WAVE SHAPING 
/ ELEMENTS 

X SPHERICAL 

WAVE FRONT 
PROPAGATION. 




SIDE LOBE SUPPRESSENT^ 
CAVITIES 

(LEAKAGE EXCITED! 





<9 / 
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ORIGINAL PAGE IS 
OF PlX)R QUALITY 
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EOTV SIZING APPROACH 


ru u Tne E0TV P° wer source utilizes the 

- - s-"£=rss^ rssi 


The payload capability of 4xin- 6 wi 
vious study results which indicated minf 108 ^ 5 ±S consist ent with pre- 

days . C ° E0TV fll8htS and LEO-to-GEO t^ip costs based 

ays * Crlp tlmes between 100 and 130 


The GaAlAs cel 1 c 

ni 1 ■ rsrs^ -r sp * -- 

T1% a j * 


The issue of silimn 
the same assumptions used for annealing was not addressed. However 
silicon coll configuration' ^ SystK " “ e « applied to ' 



» SAME CONSTRUCTION/CONFIGURATION AS SPS 

• PAYLOAD CAPABILITY > 4X 10 6 KG 

• SELF ANNEALING SOLAR CELLS (GaAIAs) 

• TRIP TIME LEO -TO -GEO ~ 120 DAYS 

GEO -TO -LEO < 30 DAYS 

• END -OF -LIFE PERFORMANCE CRITERIA - 15% DEGRADATION 


SAME CRITERIA USED FOR Si EOTV CONFIGURATION 


* 


Rockwell 

international 
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EOTV SIZING ASSUMPTIONS 


The orbital parameters are consistent with SPS requirements and the delta "V" 
requirements, was taken from previous SEP and EOTV trajectory calculations. A 2% 
delta "V" margin is included in the figure given. 

During occultation periods, attitude hold only is required (i.e., thrusting 
for orbital change is not required). 

Since it is currently anticipated that thruster grid changes will be required 
after each mission, a minimum number of thrusters are desired to minimize operational 
requirements. 

An excess of thrusters are included in each array to provide for potential 
failures and primarily to permit higher thrust from active arrays when thrusting 
is limited or precluded from a specific array due to thruster exhaust impingement 
on the solar array or to provide thrust differential as required for thrust vector/ 
attitude control. A 5% specific impulse penalty was also applied to compensate for 
thrust cosine losses due to thrust vector/attitude control. 

An all-electric thruster system was selected for attitude control during occulta 
tion periods. The power storage system was sized to accommodate maximum gravity 
gradient torques and occultation periods. A very conservative duty cycle of 100% 
was assumed for establishing ACS propellant requirements. 

Total thrust requirements to accommodate maximum torques is estimated to be 
between 240 and 260 Newtons. 


EOTV SIZING ASSUMPTIONS 


l 



• LEO ALTITUDE - 500 KM @ 28.5° INCLINATION 

• 5700 M/SEC 4V REQUIREMENT - INCLUDES 2% MARGIN 

• SOLAR INERTIAL ATTITUDE HOLD ONLY DURING OCCULTATION PERIODS 

• NUMBER OF THRUSTERS < 100 

• 25% SPARE THRUSTERS - FAILURES /THRUST D IFFERENT1 AL 

• PERFORMANCE LOSSES DURING THRUSTING - 5% 

• ACS POWER REQUIREMENT - MAXIMUM OCCULTATION PERIOD 

• ACS PROPELLANT REQUIREMENTS - 100% DUTY CYCLE 

• ACS THRUST REQUIREMENT - 240 TO 260 NEWTONS 




Rockwell 

International 
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EOTV SIZING LOGIC 


power "wa^thus^stablished? a "* rhe avaiUble 


Tne practical upper operating temperature limit of iann°v t 
molybdenum thruster erids fiv*= F , , ■ Llmic 1»00 K for 

of the thrusters at 8300 volts. maxin >um absolute operating voltage 


the possibility^of ^arcing^due^^LEO^la 35111116 ^ f in ° rder t0 preclude 

of conductor insulation requirement* P ^ effects * A specific trade 
is indicated. The grid voltaee est h unction of positive voltage 
at 8221 sec. The number of thr„,t bllsbes Propellant specific impulse 
thruster parameters. As indicated^’ ^ eC £ ed establishes the remaining 
selected s'uch that ^he Livxdual " ° f thrUSterS Sh ° Uld b * 

control thrust requirements in order m ?°^ SiS ^ 6nt Wlth attitude 
ACS thrusters. C t0 preclude the need for dedicated 


can be^ons-amed^rLg^ra^siri^Lt^liT ^ Ua " tity of P ro P e llant which 
payload capability established which in turn fixes maxima 




ft SOLAR ARRAY CONFIGURATION - AVAILABLE POWER 

• GRID OPERATING TEMPERATURE - MAXIMUM TOTAL VOLTAGE 

• GRID VOLTAGE (PLASMA LIMITED) - SPECIFIC IMPULSE 

• ‘NUMBER OF THRUSTERS - BEAM CURRENT/DIAMETER/THRUST 

• TRIP TIME - PROPELLANT WEIGHT (PAYLOAD WEIGHT 


‘CONSISTENT WITH ACS THRUST REQUIREMENTS 
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EOTV CONFIGURATION 


The selected EOTV concept utilizes tun cpc , 
four gimbaled thruster module arrays Each arra y bay3 » and 

twenty thrusters, however only si^tv-fn h * hruster arr ay contains 
firing simultaneously. Four electric th^ hruSters are capable of 
electrical power are used for rs utilizing stored 

periods. US6d f ° r attitude hold only during occultation 


400 



EOTV CONFIGURATION 
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EOTV SOLAR ARRAY AND POWER CHARACTERISTICS 


_ J he solar arra Y consists of two SPS bays with a total power output 
°l Tc* me 8 awatts * Line losses of 6% and an end-of-life cell degradation 
Were assumed which yields a net power to the thruster arrays of 
68.1 megawatts. The thruster array losses were determined to be negligible. 


The power storage system was sized on the 
200 kilowatt-hours per kilogram weight. 


same basis as for the SPS, 




E0IV sou, A„AV 


I TWO SPS BAY SOLAR CELL ARRAY 
» TOTAL POWER AT CELLS - 335. 5 MEGAWATTS 

• LINE LOSSES - 6% 

• CELL DEGRADATION - 15% 

• NET POWER TO THRUSTERS - 268. 1 MEGAWATTS 


• POWER STORAGE - 200 KWH /KG 



Satellite Systems Division 
Space Systems Group 
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EOTV THRUSTER CHARACTERISTICS 


Primary thruster characteristics are presented. The number of 
thrusters were arrived at as previously described. The thrusters are 
mounted in four arrays of 20 each. Sixty-four thrusters only are 
operating simultaneously to provide orbital transfer thrust and a 

total of four are required to maintain attitude control during occulta- 
tion periods. 


I 


T 

I 

- 


EOTV THRUSTER CHARACTERISTICS 


• MAXIMUM OPERATING TEMPERATURE - 1900° K 

• TOTAL VOLTAGE - 8300 VOLTS 

• GRID VOLTAGE - 2000 VOLTS MAXIMUM 

• BEAM CURRENT - 1904 AMP 

• SPECIFIC IMPULSE - 8221 SEC 

• THRUSTER DIAMETER ~ 76 CM 

• THRUST /THRUSTER - 69.7 NEWTON 

• NUMBER OF THRUSTERS - 80 (INCLUDES 25% SPARES) 
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BBKW 




:iGHT SUMMARY 

atory. The same growth margin 
pplied. 
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SOLAR ARRAY 

CELLS/STRUCTURE 
POWER CONDITIONING 

THRUSTER ARRAY (4) 
THRUSTERS/STRUCTURE 
CONDUCTORS 
3EAMS/GIMBALS 
PROPELLANT TANKS 

ATTITUDE CONTROL SYSTEM 
POWER SUPPLY 
SYSTEM COMPONENTS 
PROPELLANT TANKS 

EOTV INERT WEIGHT 
25% GROWTH 

TOTAL INERT WEIGHT 

PROPELLANT WEIGHT 

EOTV LOADED WEIGHT 

PAYLOAD WEIGHT 

LEO DEPARTURE WEIGHT 


493, 056 

263, 510 
229, 546 

104, 046 

6,152 
270 
2,256 
95, 368 

50,471 

48, 258 
1,000 
1,213 

647,573 
161,893 

809,466 

547,294 

1,356,760 

5,310,568 

6,667,328 







eotv propellant summary 


K ™i S table is self explanatory 
based on all sixty-four thruster 


The GEO-to-LEO 
operating. 


transit time 


EOT V PROPELLANT SUMMARY (KG) 
(GaAIAs) 



DELTA V PROPELLANT 
LEO -TO -GEO 
GEO -TO -LEO 

ACS PROPELLANT (4 THRUSTERS) 
LEO -TO -GEO 
GEO -TO -LEO 

TOTAL PROPELLANT WEIGHT 


478, 170 
62, 250 


5,977 

897 


540, 420 


6, 874 


547,294 


NOTE: 


120 DAY TRIP TIME LEO-TO-GEO (100 DAY THRUST TIME) 
16 DAY TRIP TIME GEO-TO-iEO (13 DAY THRUST TIME) 
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GaAlAs AND SILICON POWERED EOTV WEIGHT COMPARISON 


This table is self-explanatory. The primary difference in configura 
tions is in the solar array weights which results in a 14% reduction in 
payload capability for the silicon powered EOTV. 


II 

* 


GaAIAs AND SILICON POWERED EOTV WEIGHT COMPARISON (KG) 



ELEMENT 

GaAIAs 

SILICON 


SOLAR ARRAY 

493, 056 

1,032,991 


THRUSTER ARRAY 

104, 046 

113,355 


ATTITUDE CONTROL SYSTEM 

50,471 

50, 576 


EOTV INERT WEIGHT 

647,573 

1,196,922 


GROWTH - 25% 

161,893 

299, 231 


TOTAL EOTV INERT WT. 

809,466 

1,496,153 


DELTA V PROPELLANT 

540,420 

593, 170 


ACS PROPELLANT 

6, 874 

7,471 


TOTAL EOTV LOADED WT. 

1,356,760 

2, 096, 794 


PAYLOAD WEIGHT 

5,310, 568 

4, 570, 534 


LEO DEPARTURE WT. 

6,667,328 

6,667,328 

l 

TRIP TIME (UP/DOWN) 

120/16 

120/28 

r ■ — 

Satellite Systems Division 
Space Systems Group 

^1^ Rockwell 
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CONFIGURATION TRADE OPTIONS 


L. 


H 


-8300 voilfs: :LZtT L d L vo L‘ g : f ™ the baseline ° f 
Although the thruster array weight 2 5 ^1' rh 8llglb1 ?; 

impact on EOTV weight is not significant. Themed w^t Sf tte" 

STSSoSn-sKiS: :ii reduction 111 ■>-« 

end, as e i a d"c e ated! the“onJy iTfeTlV n' tb ™ teT ‘ “ as ala ° evaluated 
addition of dedicated ACS thr“t«a fs th. "°“ ld ^ the 

only 50% of the available thrust. H requirement is 



I* 


- 


] 




• REDUCE TOTAL ABSOLUTE VOLTAGE REQUIREMENT - 5500 VOLTS 

MAINTAIN + 2000 VOLT GRID VOLTAGE 

THRUSTER DIAMETER INCREASES TO-120CM 

GRID TEMPERATURE DECREASES TO~ 1500°K 

THRUSTER ARRAY WEIGHT INCREASES ~2.5 TIMES 

ADVANTAGEOUS ONLY IF POWER CONDITIONING WEIGHT DECREASES 

• REDUCE NUMBER OF THRUSTERS - 1/2 

BEAM CURRENT AND UNIT THRUST DOUBLES 
THRUSTER DIAMETER INCREASES TO~108 CM 
THRUSTER ARRAY WEIGHT - NO SIGNIFICANT CHANGE 
DEDICATED ACS THRUSTERS REQUIRED 
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EOTV SUMMARY 


The EOTV configuration presented does not necessarily reflect cost 

optimum configuration. Further trade studies are indicated in the areas 

of quantity of thrusters, payload size and trip time as related to other 
elements of program cost. ocner 


The depth of configuration definition is consistent with contract 
resources available and is believed to be adequate for overall SPS program 
requirements assessment. program 


Since thruster performance is directly proportional to grid voltaee 
further assessment of near earth plasma effects are required Thruster ’ 
performance data is consistent with electric ion propulsion technology 
as obtained from NASA-LeRC. 8y 



m 







EOT V SUMMARY 


• CONFIGURATION NOT NECESSARILY OPTIMUM 

NUMBER THRUSTERS 
PAYLOAD SIZE 
TRIP TIME ASSESSMENT 

• CONFIGURATION DEFINITION 

CONSISTENT WITH AVAILABLE RESOURCES 

ADEQUATE FOR CURRENT SPS REQUIREMENTS DEFINITION 

• THRUSTER PERFORMANCE 

GRID VOLTAGE LIMITATION - NEAR EARTH PLASMA EFFECTS 
MAY BE VERIFIED BY NASA-LeRC 

• SILICON CELL ANNEALING NOT ADDRESSED IN STUDY 


Satellite Systems Division 
Space Systems Group 
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E0TV SOLA* ARRAY COMPARISONS (GaAs VS SI SOLAR CELLS) 

Pa As and Silicon solar 

A comparison was made of the SOTV ‘^vn with >.«£»«*“ 0 f kg 

Us. The conliRuration. used n the^ solar array weights 

mparec^to SOT driven hy higher specillc werght^AZS £ lmpact o£ 
^requirement for ji^.iion is negligible. 


EOTV SOLAR ARRAY COMPARISONS (GaAs VS Si SOLAR CELLS) 



Go As CONFIGURATIONS 


i . . . 





1 700 ^ 








SILICON CONFIGURATIONS 


OTE: 

H)no SPACE DEGRADATION 
ALLOWANCES 


PARAMETER 

SOLAR INPUT 
ENERGY ONTO CELLS 
T?(T) 

DESIGN FACTOR 
POWER OUTPUT (ARRAY) 0) 
AREA REQM'T 
ARRAY AREA 
ARRAY WEIGHT (KG) 
REFLECTOR AREA 
REFLECTOR WEIGHT 
SUBTOTAL 


GaAs 

1319.5 W/M 2 
2414.7 (CR = 1.83) 
424.98 (17.6%) 

278.24 (.89) 

335.48 MEGAWATTS 
886,950 M 2 

900.000 M 2 

223.511 (.252 KG/M 2 ) 

2.210.000 M 2 

40.000 KG 

263.511 KG 


Satellite Systems Division 
Space Systems Group 
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SILICON 

1319.5 W/M 2 

1319.5 (CR = 1) 

221.17 (16.74%) 
196.85 (.89) 

335.48 MEGAWATTS 
1,704,242 m2 

1,800,000 M 2 
725,904 (.426 KG/M 2 ) 


725,904 KG 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


EOTV POWER DISTRIBUTION AND CONTROL 
WEIGHT COMPARISONS 


C art Sh ° WS the P ° Wer distr ibution and control weight -omparisons for 

2080 J d erent T CO " fi * uratlons studied. A solar array voltage output of 
2080 V do was selected as the upper limit for power generation to stay within 
tolerable plasma power losses for low earth orbit operations At 2080 v dr 
power distribution the lowest weight concept results in a poier ^““hltion 
subsystem weight of 288,440 kg. This configuration is a direct energy transfer 

ciency of 8 9« S (i I s-Tff' 7“ ? alc .?i ated a£ a dlstribut i™ dine loss) effi- 
61 ? o™ C a a” “ llne loss >- The "sight calculations ranged up to 
sv«!!° 8 depende ” t up °" specific configuration details. A negative voltage 

was ^elec ted°f orchis 0 i,l,pa<:£ of k hl * her ""‘tage. A negative 6300 voltf 

thl !m ,r ° purpose since this is the second voltage requirement of 

the EOTV thruster system. This concept requires power conditioning at the 
thrusters to provide the +2000 volt inputs required. The silicon fys^em was 

(307*090 r yyiTn t t U 7 l8ht approach and results in a weight penalty of -332 

sine; U doe^n t ’ , 8> - The +2 ° 8 ° VOlt C ° nCept is tha recommended approach 

and ^ 6300 ™lt T* T* 3 ” P °" er condlt l°"i"8 <!•*• . direct power transfer) 

-6)00 volt system is susceptable to arcing problems in the plasma environment. 



CONFI 


SILICON 


CELL MAT'L 
CR 

TRANS. VOLTAGE 
PANEL CONFIG. 


+2080V — 

SPLIT SPLIT 
2 PANELS 4 PANELS 


SPLIT 
4 PANELS 


4 PANELS 


2 PANELS 


2 PANELS i 4 PANELS 


WEIGHTS (10° KG) 
INTERTIES 
MAIN FEEDERS 
SUMMING BUS 
TIE BARS 
SW GEARS 
POWER CONDIT 
INSUL. 

SEC. STRUCT. 
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PLASMA POWER LOSSES FROM A 15 KW SOLAR 
ARRAY WITH 902 E.'SULAIISG SURFACE 


The solar array voltages must be as high as possible to reduce wiring 
weight penalties, yet, power loss by current leaking through the surrounding 
plasma must be at an acceptable level. xhere is no significant fligr.t test 
data available on plasma-current leakage. Planned experiments aboard the 
SPHINX satellite (February 1974) were lost due to a launch failure. 

£. L. Kennerud in 1974 predicted plasma power loss based on analysis and 
plasma-chamber experiments. The plasma loss from a 90 percent Insulated 
array is plotted in the figure as a function of altitude with voltage as 
a parameter. At 500 km altitude and very large arrays and high efficiency 
cells, it may be possible to utilize 2000 volts. Considerable more data is 
required to determine the upper limit of usable voltage. 



, 


PLASMA POWER LOSSES FROM A 15 KW SOLAR ARRAY 
WITH 90% INSULATING SURFACE' 1 ' 




ALTITUDE (KILOMETERS) 
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EOTV POWER DISTRIBUTION SIMPLIFIED 


BLOCK DIAGRAM 


8 cl. r ^%^L“ l co“ r e“:r th, 

interties, main feeders, summing bus tie bar SUb ^ S 5 em CODsists of 
converters. The solar arrays feed th* i! J' l* swltch 8 ear s, and dc/dc 

transfer. Provisions are included to switch p^er^om^n^^ energy 
thruster location. The basic volr at «.o " P ° r fron any bus to any 

-6300 V do. Individual Xr » U till £ *,“? ^ V dC and 
the thrusters to supply other voltages. 1 “ as required at 




EOTV POWER DISTRIBUTION SIMPLIFIED BLOCK DIAGRAM 


(-6300 VOLTS) 


-(+2000 VOLTS) 


+2060 VOLTS 


-SUMMING BUS 


r-FT-n 



(-6300 VOLTS) 
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G BOUND RETURN 




EXECUTIVE 

SUMMARY 


G . M. MANIC V 


REFERENCE 

CONCEPT 


CHARACTERISTICS 


A. A. NUSSBERGEA 
R. E. OGLEVIE 


REFERENCE 

CONCEPT 


CONSTRUCTION 

R. E. SEXTON 


MICROWAVF 
TRANSMISSION 
SYSTEM 


G. 0. O'CLOCK 


TRANSPORTATION 

SYSTEM 


R. P. BERGERON 


EXPERIMENT/ 
VERIFICATION 
PROGRAM 


w. R. RHOTE 
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SPS TECHNOLOGY VERIFICATION 


• SPS DEVELOPMENT PLANNING SCENARIO OVERVIEW 

• EVOLUTION OF SPS GEOSTATIONARY TEST PLATFORM 

• POWER AMPLIFIER DEVELOPMENT TREND 


• MICROWAVE POWER TECHNOLOGY VERIFICATION 

GOALS, OBJECTIVES AND PLANS 

• EXPLORATORY RESEARCH PLAN FOR CRITICAL MPTS 

COMPONENT DEVELOPMENT 


Satellite Systems Division 
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SPS DEVELOPMENT PLANNING SCENARIO OVERVIEW - 1978 


thi s t d * development planning scenario overview was developed during 

this period to reflect a perceived consensus of current development planning 
options. The scenario is pictorialized as a synthesized progrL reflecting 8 

teSnolo reC T e “ ^ pr °j ected 5 y ear for exploratory research, 

technology advancement and pilot-plant demonstration 


. The exploratory research plan segment is contained within the double lines 

NASA P enIbSne^«hri ^ prototype MPTS development. Planned and on-going 

ASA enabling technology for power conversion/distribution and large space struc- 

£l" d ^% lopment ' »re structured to provide evolutionary timelines leading to 
large SPS-type subscale space test articles during the end of the decade The 

rSo e u n Ss5 "S2 Cale V ? eVel ° pment - d ^ace test acti^y win 

fundin l ? ! Up ° n Ex P lorator y Research Program results and will require 

funding levels on the order of several billions of dollars. q 


do ^ p * lot “P lant demonstration phase reflects in general the "precursor" 

„ T S oration concept proposed as the most cost-effective approach to large 

of ch tH° J P ant c ° umercia ^ end-to-end performance demonstration. Utilization 
S uttle-derived low-cost launch vehicles with LEO assembly and dedicated 
electric propulsion orbital transfer to geosynchronous is baselined. 


by SPS orotitvn?J fd ° n platform configuration, while driven primarily 

y SPS prototypical design parameters, will also provide the Nation with a long- 

life, multi-megawatt level power station in geosynchronous orbit which could bt 
ategonzed as a National Geostationary Space Facility with ranah^ip a 
provisions for communications/navigation antennas ^ e«^d "L"d 

rhir Capabllitles °° * self-sustaining basis. The benefits provided"! 

lull Plant ““ C °“ 8lderabla cost-effectiveness to the SPS 




INTEG SUB- 
ARRAY TEST 


POWER ' 
MODULt TEST. 


INTEG 

COMPT 


LEO MW 
SORTIE 


BLANKET! 


PRODUCTION 


FLT RATEO 


SHUTTLE 

DERIVED 

SYSTEMS 


C/Y 


• LARGE SCALE 
TEST 

• SORTIE 


BASELINE 

SHUTTLE 


SHUTTLE 

IMPROVEMENTS 


SPS 

TRANSPORT/ 

CONSTRUCTION 

SYSTEM 


SPS TECHNOLOGY ADVANCEMENT PLAN 


SIMILITUDE 
GRD TEST 


COMPOSITES/ 
SOLAR CELL 
PERFORMANCE 
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• IONOSPHERE 


• i V 

MW MSMT 


• INTEG MW 
GROUND TEST 


• COMPONENT 
DEVELOPMENT 


TECHNOLOGY ADVANCEMENT PHASE 


• POWER 

CONVERSION 


• mm 

DISTRIBUTION 


• INTEGRATED 
GRD TEST 


• SPACE PLASMA 
- CHARGING 


FACILITY DEFINITION 


• LASS SPACE 
FABRICATION 


• CONSTRUCTION 
TECHNIQUES 
DEVELOPMENT 


• MATERIALS 
EVALUATION 


GRO/GEOBEAM MAPPING 






TECHNIQUES 


ENG MODELS 


PPHDWRl 10 


REQTS&f ACUITY 
DEVELOPMENT 


TECHY SOA 
CUT-OFF 


***** /\ MITIGATION 

MENTS W REQTS 


SOLAR CELLS 


SWITCH GEAR CONVERTS ROTARY JOINT 


• GEO/GRO MW TEST 


• 500 KW/2 MW POWER 

• LEO/LEO MW TEST 

• DEPLOYABLE BEAM 
MAPPING RECTENNA 


• SPS GEO MULTI TEST 
PLATFORM 


• I KM FULL SCALE 
LINEAR GRD 
ARRAY 


• INVERTED TEST 
RANGE 





























SPS PILOT PLANT DEMONSTRATION PHASE 


PILOT PLANT DEMONSTRATION PHASE 


CONST BASE ASSY/C/O 


• PILOT PLANT 
CONSTRUCTION 


* ASSEMBLY & 
CHECKOUT 
CONSTRUCTION 
FACILITY 


• CONSTRUCTION 
DEPOT 


RECTENNA ASSY/INST 


P/P HDWRE LOGISTICS 


SYMBOLOGY 


MILESTONE 

OECISION/RESULT 


SPACE TEST 
ACTIVITY 


SPS TRANSPORTATION/CONSTRUCTIONANAINTCE SYSTEMS 
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GRD LEO | GEO 


















PILOT PLANT DEMONSTRATOR DEVELOPMENT 


PHILOSOPHY 




u 


L 


Of the EOT^as the^pouer moduli allow deVelopm J nt Evolves the utlllaatlon 
utilizing a Single modular construction' facillt^Tr 1 ° I ”' Knt and ‘“““ruction 
asic SPS assembly fixture. ^ ^ at can expanded into the 


the baslc con _ 

s the pilot plant and then the ODeraclnn i , ln Pow orbit to construct 
uould then he upgraded to SPS production capability Ind ^ale^Tt" 0 ^ 1 *'* 


of 3,5 MW at the array. Allowing for radiation d d & Pr ° jected P°”er level 

losses power to the microwave antenna would be dG8radation and P°«er distribution 
transmission losses would reduce this value tr appro *l" atel y 285 MW. Microwave 
wou result in recovery of 8 MW of power for ^ at the re ctenna. This 

power for a 1.75 km rectenna. ^ dlame ter rectenna or 2 MW of 


f 



PILOT PLANT DEMONSTRATOR DEVELOPMENT PHILOSOPHY 



• EOTV - PILOT PLANT - PROTOTYPE CONSTRUCTION COMMONALITY 

• COMMON EVOLVING CONSTRUCTION FACILITY 

V LEO CONSTRUCTION OF EOTV AND PILOT PLANT 

> GEO CONSTRUCTION OF SPS 

• P ILOT PLANT SIZED TO EOTV POWER LEVEL 

• FIRST UNIT IS PILOT PLANT - EOTV + MW ANTENNA 

• CONSTRUCTION FACILITY 

> FABRICATED IN LEO 

> REMAINS IN LEO TO CONSTRUCT PILOT PLANT AND EOTV'S 
V TRANSFERRED BY EOTV TO GEO FOR SPS CONSTRUCTION 
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SPS LEO/GEO TEST PLATFORM EVOLUTION 


An essential requirement exists for major SPS subsystem test and evolution 
at LEO and geosynchronous altitude late in the 80' s. Current NASA planning 
projects a major SPS subscale test article for LEO to LEO microwave testing. 

This same test platform can be boosted via electric propulsion to GEO to serve 
as an SPS multi-test platform in both a GEO to Ground and Ground to GEO mode (func- 
tioning as an inverted test range with the addition of pilot beam electronics). 

It appears likely that SPS orbital test requirements and test system 
definition will have to be satisfied through the evolutionary utilization of 
NASA large structure space projects that evolve and are funded. Requirements 
for multi-mission applicability, construction modularity, and a broad range of 
power, size, and mass options which include SPS test verification objectives 
will need to be evaluated and synthesized. The degree of SPS technical issue 
resolution will be a function of the commonality between LSS/LPM evolving 
developments and the final SPS system definition characteristics. 

Two perceived large structure development thrusts that might evolve into 
an SPS test platform configuration are the Large Space Structures Program and 
the SEP/PEP/LPM power platform focused effort. The issue of GaAs versus Silicon 
solar cells for the SPS baseline configuration is a key determinant in the useful- 
ness of projected power module developments as SPS space test platforms. 


4 34 


SPS LEO/GEO TEST PLATFORM EVOLUTION 


LARGE SCALE SPS ORBITAL TEST PLATFORM WILL MOST LIKELY EVOLVE AS 
AN EXTENSION OF PLANNED LSS/LARGE POWER MODULE DEVELOPMENTS 


DEGREE OF SPS KEY TECHNOLOGY ISSUE RESOLUTION IS A FUNCTION 
OF THE COMMONALITY BETWEEN LSS/LPM DEVELOPMENT AND FINAL SPS 
DESIGN PARAMETERS 


ECONOMIC AND LEAD-TIME CONSIDERATIONS DICTATE ONE SPS TEST 
PLATFORM FOR BOTH LEO AND GEO TESTING 


TWO PERCEIVED EVOLUTIONARY DEVELOPMENT PATHS 

> LSS'SPACE CONSTRUCTION THRUST (BEAM MACHINE) 

> SEP/PEP/LPM THRUST (DEPLOYABLE/ERECTABLE) 


THE SOLAR CELL ISSUE IS CRITICAL IGaAs VERSUS SILICON) 
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Space Systems Group International 


435 


98PD131766 




. 


SPS TEST PLATFORM DEVELOPMENT THRUSTS 

development "(250/500 kW>' " h in3S 3 lar 8 e ,P°»er module 
mission test article for use both U atTM a and e Gm dlfIed "" ^ SPS BlCr °">ve trans- 

at this time a?d will evolve"L ^product " 0 f ’'^1“" ^ COI,si<iered indeterminate 

to^he^xten^to^which^ these^dsvelopment opti""* 003 ^^^^^^^^'^^t^nespect^ 
verification objectives, the issues involved" 5 y lDitial SPS technology 

* construction f3brl ““»" versus deployable/erectable 

hybri^array "combinations' 18 ^ S ° Ur 3rr3yS vcrsua 


• Capability for both LEO and GEO test operations 


SPS 




■■■■■■■■■■ 





iOLOGY ADVANCEMENT PLAN 
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S?s DEMON STEAIIOM TEST ARTICLE IMPLICATIONS 

Is in^nenc^ ^s tratufa W oTr “ ^ develo ^ nt «ight test article 

shown on the facing chart ’Each'- £ r r r vpulsion system options as 

as part of large space s^c^s co^r^r* ? Nuance, most be evaluated 
concept variations. ~ “ " "'" lon analysis when deteraining possible 

power ^'antenn^may dictate* different ?* “I” 1 ” ““7 ~W>ort and the microwave 

The ladder, tribeaT^f Lpt^edS t^s^r °° flZtUr “ techniques. 

Implications and merits in terms of prefect IppuIaJion^sfTl T dif « eri “e 

construction. * J application, -egacy and types of 

«eces^atTpr^Lr f o r r 1 omLwr SP % t * St art f CU “ 3 “•>« orbit will 
influence the systea design. ~ aas er ^ropuxsion units which can significantly 

fabricsted t in n space t wfll 'drive°the S construct j^n t system? Cta ^^ e ' °r 


i 



SPS DEMONSTRATION TEST ARTICLE IMPLICATIONS 
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A logical extension of SEP/PEP/tpm 

-V r r r u 

provid dIsa f e ” ble <i and returned to technl 1 “as. Ihe veh "°; 

of orbital*!- lilzation and control. The test olat f r “ Stars usin 6 argon fuel 
«ensfer to geostetlonsr y orhft 




SOLAR POWER DEMONSTRATION TEST ARTICLE 



SPS TEST PLATFORM COMPARATIVE CHARACTERISTICS 

The facing chart summarizes the n-r-fn^-s i 
be achievable f or LSSP and SEP/PEP ^derivatives teo ,^« act aristics that could 

An SPS test article evolving out of the f SPS develo P m ent test article, 

machine construction is likely to provide the hiehl ! t J UCtures P ro 8 r ^ with beam 
verification for subsystems other than the M?TS. ^ ° f SPS techn °l°gy 

provides tbetestte^nologyterificationte u" CelU the LSSP de ''ivative again 
GaAs solar array development pr^^J^'^Sg. 1 


I 


■ 


i' • > . • *.>. 




SPS TEST PLATFORM COMPARATIVE CHARACTERISTICS 


• LSSP DERIVATIVE 


S EP/PEP DERIVATIVE 


Q 7 
? <* 

C <3 
£ 7 
7 ^ 
7 ^ 





C ’ /» . 'V 


•zXj 


• POWER CON /ERSION 


• POV/ER DISTRIBUTION 


• STRUCTURE 


• POV/ER TRANSMISSION 

• DEGREE OF SPS 
VERIFICATION 

• PROBABILITY OF EARLY 
IMPLEMENTATION 


V COULD BE ALL GaAs OR HYBRID 

V DESIGN OPTIA/IZED FOR LEO & 
GEO HI-VOLTAGE OPERATION 

V PROTOTYPICAL BEAM MACHINE 
FABRICATION/JOINING 

V MEDIUM POWER AMPLIFIERS 
y/ HIGHEST 

V MODERATE 


V SEP SILICON ROLL-OUT ARRAY - 
COULD BE HYBRID 

yj OPTIMIZED FOR LEO OPERATION 
200 VOLTS 

\/ DEPLOYABLE ARRAYS - ERECTABLE 
ANTENNA 

V MEDIUM POWER AMPLIFIERS 

V MODERATE 


yj HIGHEST 
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SPS POWER AMPLIFIER POWER LEVEL PROJECTION 


^ PS k^ St J° n . development is the critical technical path that will 

~rr r iiis-ssr 



SPS POWER AMPLIFIER 
POWER LEVEL VS DEV. TIME 
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klystron performance projection trends 


capability^^a^f unct ion & of ^dfevelopnent tLf $ d aapl±fler Performance 
on this chart. The ground test ph^se will i P °? er level is summarized 
the range of 1/10 kv \ Q 5 kw _ Evolve low power amplifiers in 

antennas will be on the order of 5 to 20^u® ^ to GE0 linear array 
In tube efficiency, MTBF and EFI suppression" pr ° 8ressIve Improvement 



EFFICIENCY (%) 



EFFICIENCY 


RFI/EMI 


PRODUCTION 
ARTICLE 
50/70 KW 


LIFE-TIME 


I V ! TEST 

I | PHASE 

H-GROUND TEST PHASE— H 1987- 
I 1980-1985 1 1989 


10 KW 

KLYSTRON OUTPUT 
POWER (CW) — ► 

DEVELOPMENT TIME 


Rockwell 

International 
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PERFORMANCE PROJECTION TRENDS BASED ON GROUND TEST AND 
LEO TEST OF VARIOUS KLYSTRON OUTPUT POWER LEVELS 


9° r r 

90 r m 4 







technology verification overview 

GOAL: To project the feasibility and economic advantages of the SPS system using 

lower cost, power and size prototype elements. By extrapolating the ™ta 
obtained with the lower power elements, the performance of the final SPS 
configuration can be estimated with minimum uncertainty, 

OBJECTIVE: 

NFABLlem: To obtain sufficient data with lower power klystron and solid state 

TRANS I STOR ELEMENTS DURING THE 1980-1985 TIME FRAME TO PROVIDE P~NCE 
JECTIONS ON THE SPS MPTS POWER MODULE LIFE-TIME, EFFICIENCY AND RFI/EMI POTENTIAL 

WITH MINIMUM UNCERTAINTY. 

I ong Term : To develop enough of a prototype SPS system (in low earth orb.t) through 

1987 IN ORDER TO ESTABLISH THE FEASIBILITY AND ECONOMIC ADVANTAGES OF THE SPS SYSTEM 

APPROACH : 

Low POWER (UP TO 2KW) ELEMENTS WILL BE GROUND TESTED IN ORDER TO EVALUATE SAFETY 
PROBLEMS AND PROCEDURES FOR TEST AND MAINTENANCE AT LEO. INTERMEDIATE POWER (UP 
TO 15KW) ELEMENTS WILL BE TESTED AT LEO IN ORDER TO DETERMINE REASONABLE EXPECTED 
PERFORMANCE LEVELS FOR THE FINAL SPS SYSTEM CONFIGURATION. 
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PERFORMANCE PROJECTION TRENDS JASEJOS GKOU'DIESIA.- 
LEO TEST OF VARIOUS KLYSTRON OLTPLi. POWER L *-' ,£ ~ S 


. n-oaressive development build-up of SPS power anplifier oerformnnce 
capabtlUy Is a function It development tine and power level is su-arUed 
rtbis =h«t. The ground rest pnase will imroive low powe^anplifler. 

, i /m vu to 5 kV. Orbital and ground to GEO linear ar-a - 

"tel“f wui II ol til Irll; of 5 to 20 ,Aith progressive improvement 
in rube efficiency, MTBF and RFI suppression. 


/EMI uiBc) 


PERFORMANCE PROJECTION BASED ON GROUND TEST AND LEO TEST 
OF VARIOUS KLYSTRON OUTPUT POWER LEVELS 


efficiency 


rfi/emi 

A 


V 

y 


^LIFETIME 
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ground test phase 

1980-1984 


►, LEO- LEO U-PERFORMANCE 
*1 lEST f PROJECTIONS BASED 
i PHASE ON PREVIOUS DEVELOP- 
'1984-1987 MENT $ TEST- 198 7 - 1995 
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10KW 100KK 

Klystron Output 
Klystron Output Powe? (CW)-* 
Development Time + 
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PERFORMANCE PROJECTION BASED ON GROUND TEST AND LEO TEST 
OF VARIOUS SOLID-STATE DEVICE OUTPUT POWER LEVELS 


This chart illustrates expected device improvements, as a function 
of time, for solid-state devices. 


PERFORMANCE PROJECTION BASED ON GROUND TEST AND LEO TEST OF VARIOUS 
SOLID STATE DEVICE OUTPUT POWER LEVELS 


90 4 90 4 
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RFI/EMI 

\ A 


o 


1980< 

1982 


*_ 


o 


/ / 

O / 

y / 


c © 
£ 

rc > 


U H 

3? 


1982- -*f 
1985 
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PERFORMANCE PROJECTIONS BASED 
ON PREVIOUS DEVELOPMENT 8 TEST 
1985-1995 


10W 


100W 


IKK 


— — i — 

10KW 


Solid State Power Module Output Power (CW) 
Development Time - 
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SPSMPTS GROUND TEST METHODOLOGY 


‘ A S CA L ED BONN V E RSION OF THE SPS MICROWAVE ANTENNA ARRAY CAN BE EVALUATED TO DETERMINE 
THE EFFECTS OF VARIOUS COMPONENTS (THESE GROUND TEST RESULTS CAN BE INTEGRATED WITH 
LEO-LEO TEST RESULTS TO PRODUCE A FINAL PERFORMANCE PROJECTION FORTHE FULL SCALE SYSTEM). 

- USE GROUND TEST RESULTS TO FORM PRELIMINARY PERFORMANCE PROJECTIONS FOR THE FULL 
SCALE SPS I1PTS ARRAY. 


- GROUND TEST MAINTAINABILITY EVALUATIONS (COMBINED LATER WITH LEO-LEO MAINTAINABILITY 
EVALUATIONS) COULD BE SIGNIFICANT DESIGN DRIVERS FOR THE KLYSTRON. 


- LIFE TESTING WOULD REQUIRE CONTINUOUS MONITORING OF CW OUTPUT SPURS 
AND LEAKAGE UNDER ACCELERATED OPERATING CONDITIONS. 


HARMONICS, NOISE 


98PD131753 
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SPS MPIS GROUND TEST PERFORMANCE EVALUATION 

“ Mured •nd/” I ^alMted a to S de«Sne s^b Varl °“* £actors tlMt =ust be 
^“‘ M1 “ 8ts uould utiii ~ — 







SPS MPTS GROUND TEST PERFORMANCE EVALUATION 
(USING SCALED DOWN SUB-ARRAY STRUCTURES) 


1. MICROWAVE POWER TRANSMISSION EFFICIENCY 

- MEASURE EFFICIENCY (USING RECEIVING ANTENNA PROBE) OVER VARIGUS THERMAL 
CONDITIONS AND VARIOUS LEVELS OF INDUCED PHASE ERROR. 

- EVALUATE MODULE AND SUB-ARRAY SIDE LOBES AND BACK LOBES. ANALYZE DEVIATIONS 
FROM THEORETICAL. 

2. MICROWAVE POWER TRANSMISSION - THERMAL EFFECTS 

- EFFECTS OF THERMAL STRESS ON SUB-ARRAY STRUCTURE AND RADIATION PATTERN. 

- EFFECTS OF THERMAL STRESS ON KLYSTRON AND SOLID STATE DEVICE LIFETIMES. 

3. ECLECTIC RETROD I RECT I VE PHASE CONTROL SYSTEM EVALUATION 

- DETERMINE DETECTABILITY OF PILOT PHASE CONTROL SIGNAL-IN HIGH INTERFERENCE 
ENVIRONMENT. 

- EVALUATE PERFORMANCE AND LIFE-TIME OF PHASE CONTROL ELECTRONICS AT VARIOUS 
THERMAL LEVELS. 

- DETERMINE TOLERANCE LIMITS OF THE PHASE CONTROL SYSTEM. 


4. MICROWAVE POWER TRANSMISSION SYSTEM EMI/RFI STUDIES 

- MEASURE LEAKAGE/ SPURIOUS AND NOISE OUTPUTS OF KLYSTRON AND SOLID STATE POWER 
MODULES AND SUB-ARRAYS. 

- MONITOR RFI GENERATED BY INTERCONNECTS AND POWER SUPPLIES. 

- DETERMINE SIDE LOBE LEVEL VARIATIONS WITH VARIOUS MODULES SHUT DOWN. 
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SPS MPTS GROUND TEST PERFORMANCE EVALUATION 
(USING SCALED DOWN SUB-ARRAY STRUCTURES) CON'D 


- KLYSTRON X-RAY EMISSION STUDIES 


5. MAINTAINABILITY EVALUATION 


DETERMINE EFFECTS OF TUBE REPLACEMENT ON SUB~ARRAY PERFORMANCE AND EVALUATE 
REPLACEMENT TOLERANCE LIMITATIONS AND REQUIREMENTS. 

- SAFETY ASPECTS AND AUTOMATED TECHNIQUES. 
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PLANS FOR DESIGN, DEVELOPMENT 
AND TEST OF CRITICAL SPS MPTS COMPONENTS 
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- KLYSTRON AND KLYSTRON POWER SUPPLY PERFORMANCE 

TEST CURRENTLY AVAILABLE LOW POWER KLYSTRONS IN THE BASIC POWER MODULE CONFIGURATION 
AT 70W, 200W AND 1KW OUTPUT LEVELS TO OBTAIN DATA ON PERFORMANCE/ LIFETIME AND TEST 
PROCEDURE POLICY, COMBINING THIS DATA WITH THE MEDIUM POWER TUBES DEVELOPED FOR THE 
LEO-LEO TEST/ PROJECTED PERFORMANCE LEVELS AND LIFETIMES FOR THE HIGH POWER MPTS TUBE 
CAN BE EXTRAPOLATED ON A LINEAR OR NON-LINEAR CURVE OR TREND LINE. 

- SUB-ARRAY PERFORMANCE 

SEVERAL 3x3 METER OR 5x5 METER ARRAYS CAN BE CONSTRUCTED. MEASUREMENTS WOULD BE 
x TAKEN ON PERFORMANCE/ THERMAL PROFILE AND PHASE NOISE/PHASE ERROR PROBLEMS CAUSED BY 

VARIOUS INDIVIDUAL KLYSTRONS/ INTERACTIONS AND DEFF IC I ENC I ES IN POWER SUPPLY GROUNDING. 

Estimates could also be obtained on lifetime and maintainability requirements for 

THE HIGHER POWER TUBES BY DATA OBTAINED FROM THE LOWER POWER SUB-ARRAY PERFORMANCE. 

r - PHASE CONTROL SYSTEM PERFORMANCE 

ANALYZE DETECTION PROBLEMS OF SIMULATED RETROD I RECt IVE PILOT SIGNAL IMMERSED IN 
- STRONG INTERFERENCE SIGNALS AND BACKGROUND NOISE LEVELS. 
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GROUND TEST ANTENNA HARDWARE REQUIRED FOR TECHNOLOGY VERIFICATION 


Ground F acility Parts Develop 

• Multiple Phase Conjugating Circuits X 

• Phase Reference Distribution System X 

• Multiple DC-RF Converters X 

• Multiple Pilot Receive Circuits X 

• Diplexing Filters X 

• Waveguide 

• Driver Amplifiers X 

• Power Management Hardware 


(Converters, Switches, Regulators) 
• Directional Couplers 


Buy 


X 

X 

X 
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TECHNOLOGY VERIFICATION TEST ITEMS 


be m J he ,- neX £ tW ° Charts P resent a preliminary list of tests that must 
be made to characterize the operating power conversion devices and also 

a“p^ch e % aPPliCabiUty tG the klyStr01 ' amplifier^ 


< 


i ' I 


1. 


2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 
9 . 

10 . 

11 . 

12. 

13 . 

1H. 

15 . 

16 . 

17 . 

18 . 


TECHNOLOGY VERIFICATION TEST ITEMS (NEAR TERM)* 


TE ST. ITEM 

POWER SUPPLY EMI 

- POWER LEAD EMISSIONS 

- INCIDENTAL COUPLING 

- FM & PM NOISE OVER FREQUENCY 
SPURIOUS OUTPUTS 

AM/PM CONVERSION 

THIRD ORDER INTERMODULATION PRODUCTS 
HARMONICS 

VOLTAGE REGULATION REQUIREMENTS AND EFFECTS 

RFI SUSCEPTIBILITY 

MAGNETIC FIELD SUSCEPTIBILITY 

RADIATION SUSCEPTIBILITY 

SATURATION DRIVE VS. PHASE SHIFT 

MODULE RADIATION PATTERN (INCLUDES GRATING LOBES 

THERMAL PROFILE 

EFFICIENCY 

DRIVE LEVELS 

MTBF ESTIMATES (DEVICE & POWER SUPPLY) 

X-RAY EMISSION 
SATURATION GAIN 
GAIN STABILITY 


KLY STRON SOLID STATE 


X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X 

X X 

X X 

AND SIDE LOBES) X X 

X X 

X X 

X X 

X X 

X 

X X 

X X 
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JECHkQLOGY VERIFICATION TEST ITEMS (NEAR TERM)* CONT'D 


JESLdm 


19 . GAIN SLOPE 

20 . WARM UP CHARACTERISTICS 

21 . EFFECTS ON PHASE CONTROL CIRCUITRY 

22 . TRANSIENTS a) START-UP AND SHUT-DOWN 

23 . POWER SUPPLY BREAK-DOWN 


KJ-YSIM s olid statf 


* LONG TERM TEST REQUIREMENTS WILL BE DRIVEN BY THE NEAR-TERM GROUND TEST RESULTS. 
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PREPARATION OF INTEGRATED GROUND TEST RANGE 



(- 


appj icable c. PTO<:ed »™» «». are 

evacuee an, cheCour o f the J^lTlL^lTrolltl 


r 

- 


ANECHOIC CHAMBER PREPARATION (POWER MODULE AND 3 x 3 METER SUBARRAY RADIATION PATTERNS). 


SISSS.™ m ,EST nm *» 


TEST^KpMLfftACKsI.^ 0 C0MP ° f ' ENT TEST AREfl (WI ™ SEPARATE P °* ER SUPPLY AND ELECTR0NIC 


1. KLYSTRON AREA 

2. SOLID STATE DEVICE AREA 


TEST EQUIPMENT CALIBRATION AND STORAGE AREA. 


"Lm“Tp£“ , '“ ““ " E!0 ES ™ IIS " ES MwrEST 


GROUND TEST RANGE SAFETY EVALUATION INTEGRATED WITH LEO-LEO TEST PHASE. 
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KLYSTRON POWER MODULE PROTOTYPE DEVELOPMENT AND GROUND TEST 


This chart lists 
test development and 
MPTS. 


a few of the major activities needed to fabricate and 
prototype klystron power conversion elements of the 


i 





PURCHASE FORTY LOW POWER 2.5 GHZ KLYSTRONS (WITH POWER SUPPLIES) WITH DEPRESSED 

COLLECTORS FOR INDIVIDUAL TEST AND EVLAUATION. 

SET UP TEN OF THE KLYSTRONS FOR ACCELERATED LIFE TEST. 

DEVELOP PROTOTYPE PHASE CONTROL ELECTRONICS. 

PURCHASE TWO VKS-773 50KW, 75% EFFICIENT, 28KV WATER COOLED 2.5 GHZKLYSTRONS WITH CASCADED 
PRE-BUNCHERS FOR TESTING EMI (HARMONICS. INTERFERENCE- SPURIOUS. PHASE NOISE, ETC) 

AND ESTABLISHING PRELIMINARY HIGH POWER TEST PROCEDURE REQUIREMENTS. 

pi PRELIMINARY GROUND TEST DATA. INITIATE DEVELOPMENT OF MEDIUM POWER LEO-LEO KLYSTRONS 

WITH DEPRESSED COLLECTORS. 

ASSEMBLE 30 KLYSTRON POWER MODULES. OBTAIN INDIVIDUAL PATTERNS THERMAL PROFILtS AND 
TEST DATA. 

INTEGRATE' 6 POWER MODULES ON 3 x 3 METER SUBARRAYS. OBTAIN INDIVIDUAL PATTERNS THERMAL 
PROFILES AND TEST DATA FOR EACH SUBARRAY. 

INTEGRATE ALL FIVE SUBARRAYS AND PHASE CONTROL ELECTRONICS INTO AN ANTENNA ARRAY AND 
OBTAIN INDIVIDUAL PATTERNS. THERMAL PROFILES AND TEST DATA FOR THE ARRAY. 

- EXTRAPOLATE RESULTS TO PREDICT 1KM SPS ARRAY PERFORMANCE AND INTEGRATE WITH LEO-LEO 

PH ASF. 
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SOLID STATE POWER MODULE DEVELOPMENT AND GROUND TEST 


- SEMICONDUCTOR SUBSTRATE, PROCESS, PACKAGING AND THERMAL PROFILE EVALUATION. 

- DECISION ON TRANSISTOR CANDIDATE. 

- DECISION ON CLASS-C OR CLASS-E AMPLIFIER CONFIGURATION. 

- LSI MANUFACTURING PROCESS EVALUATION (PRODUCTION PROCESSING METHODOLOGY IMPROVEMENTS, 
LEVEL-OF- DIFFICULTY AND FEASIBILITY EVALUATIONS) DONE AT NASA MSFC SOLID STATE CONTROLLED 
PROCESSING AREA. PARALLEL EFFORT AT ROCKWELL SCIENCE CENTER AND ELECTRONIC RESEARCH 
CENTER ON FEASIBILITY EVALUATIONS, MATERIAL INTERFACE PROBLEMS AND PRODUCTION COST ASSESS- 
MENTS . 

- DEVELOP 1KW SOLID STATE POWER MODULE DATA OBTAINED INCLUDES PERFORMANCE RADIATION 
PATTERNS AND THERMAL PROFILE. 

- DEVELOP FIVE lxl KW SOLID STATE POWER MODULES AND ASSEMBLE INTO A 3 x 3 METER SUBARRAY. OBTAIN 
RADIATION PATTERN THERMAL PROFILE AND TEST DATA FOR THE SOLID STATE SUBARRAY. 

- CONTINUE DEVELOPMENT OF A HIGHER POWER (UP TO 5KW) SOLID STATE POWER MODULE. 

- EXTRAPOLATE RESULTS TO PREDICT SPS PERFORMANCE USING SOLID STATE DEVICES. PREPARE FOR CHOICE 

BETWEEN KLYSTRONS AND SOLID STATE. 


98PD131763 
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DESCRIPTION OF NASA MSFC CONTROLLED PROCESSING AREA (CPA) 
FOR HIGH DENSITY CIRCUIT TECHNOLOGY 


• The Controlled Processing Area (CPA) for High Density Circuit Technology is 
PRESENTLY BEING USED IN THE DEMONSTRATION OF NEW STATE-OF-THE-ART LARGE SCALE 
INTEGRATED CIRCUIT (LSIC) PROCESSING EQUIPMENT DEVELOPED FOR NASA. 

• The CPA will function as a precisely controlled experimental solid state integrated 

CIRCUIT DEVELOPMENT FACILITY AND WILL FABRICATE THESE CIRCUITS IN A HANDS-OFF MANNER. 

• A FOLLOW-ON STEP IS THE DEVELOPMENT AND DEMONSTRATION OF TOTAL AUTOMATED TECHNIQUES 
WHICH PROVIDE COST EFFECTIVE METHODS TO PRODUCE UNIFORM PRODUCTS. 

• Located nearby are supporting areas which generate the photolithographic process 
MASKS AND BOND AND PACKAGE THE LSIC CHIPS. 

• CPA STATUS: 

Current condition 90% Complete 

Activation date 1978 

Replacement cost $2M (1978) 
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TECHNICAL SPECIFICATIONS FOR NASA MSFC LSIC CONTROLLED 
PROCESSING AREA 


This chart is self-explanatory. 


TECHNICAL SPECIFICATIONS FOR NASA MSFC 
LSIC CONTROLLED PROCESSING AREA 


• FACILITIES: 

Standard working area: 1700 sq. ft. 

Clean Room area: 1600 so. ft. 

• CLEAN ROOM SPECIFICATIONS: 

Photolithography: 16'x20' - 100 class 
Etch Vtation: 20'x20' - 10,000 class 
Furnace Room: 43'x20' - 10/000 class 
Entry Size: 72"x80" positive pressure 
Floor Type: False floor 
Temperature Control: 70 ± 2°F 
Humidity Control: 42 + 3% 

Vacuum: Built in system 
Air Condition: 40 tons 

• UTILITIES: 

Gaseous and liquid nitrogen 

Super clean grade compressed air 

Distilled and deionized water 

Deionized water repolishing plant 

Power Distripution Room 

Furnace Flue Gas Control: Positive exhaust 


• EQUIPMENT: 

Vacuum metalization system 
Metal Plating System 
Oxidation-Diffusion Furnace 
Epitaxial Reactor 
Chemical Vapor Deposition Furnace 
Ion implanation System 
Photolithography System 
Mask Alignment System 
Sputtering System 
Wafer Transport Mechanism (TRAM) 
Gas Track 

TRAM Wafer Traffic Control System 


FLUE GAS SCRUBBERS WITH GAS FLOW MONITORS. 
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CAPABILITIES CF NASA 


msfc controlled processing 


This chart is self-explanatory. 
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CAPABILITIES OF NASA MSFC CONTROLLED PROCESSING AREA 



• THE CPA SERVES AS THE ULTIMATE TECHNOLOGY VERIFICATION TOOL FOR DESIGN 
DEVELOPMENT AND EVALUATION OF NEW STATE-CF-THE-ART LARGE SCALE INTEGRATED CIRC1II 

SUCH C AS P SPS LSS 1 NU AND PRODUCTION TECHNIQlJ ES REQUIRED BY HIGH TECHNOLOGY PROGRAMS 

• THE NASA MSFC CPA PROVIDES THE CAPABILITY TO SUPPORT TECHNOLOGY FEASIRII ITY 
EVALUATIONS, INVESTIGATE PRODUCTION PROCESSING METHODOLOGY IMPROVEMENTS AND 

“ STS level-of-difficlt, assessments fo ™ V “ases 

• IS PRESENTEY SET UP F0R SILICON DEVICE PROCESSING. THE SYSTEM CAN 
ALSO BE ADAPTED TO GALLIUM ARSENIDE TECHNOLOGY FOR EVALUATING SPS SOLAR CELL 

TECHNIQUES I0DE ^ TRANSIST0R DEVICE CANDIDAY ES AND ASSOCIATED PROCESSING 
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ADAPTABILITY OF NASA MSFC CONTROLLED PROCESSING AREA 
FOR SOLAR POWER SATELLITE 


This chart is self-explanatory. 
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ADAPTABILITY OF NASA MSFC CONTROLLED 
PROCESSING AREA FOR SOLAR POWER SATELLITE 
DEVICE AND PROCESSING REQUIREMEN TS 


TECHNOLOGY/DEVICE l | r fl q RIF p np , , Tr „„ 

j S RATURE j nnp „ r 

1100 o C-1150°C,PH*,B H 


• Conventional Silicon Epitaxial Silicon 
m LSI Technology* Deposition on 

Silicon 

• High Volume GaAs Epitaxial GaAs 

Solar Cell Tech. Deposition on 

t A1 0 


H' 


SiHi 


U- 


2 4 


2 3 


(CHj), Ga 8 655°C-700°C 

I I 


;A $ H 


• High Volume GaAs Epitaxial GaAs 
Transistor or Diode Deposition on 
Technology GaAs. A1 0. or 

C * 3 

Spinel 


H' 


H' 


A s H 


GaAs-Ga-Te 
Melt. ♦ 


700 °C 


ffr 


^ 3)3 Ga & 630°C“720°C Cu, Zn 

A - u r 

Fe, S 


A S H 


* PRESENT SET-UP 

» LIQUID PHASE EPITAXY. ALL OTHERS ARE CHEMICAL VAPOR DEPOSITION. 
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